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(iv) 
A B S T R A C T 
Since World War II, efforts to promote growth of commercial agri-
culture in the economy of Papua New Guinea have included a strategy of 
encouraging both estate and smallholder production of agricultural export 
crops. One recent facet of this has been the establishment of 'nucleus 
estate' schemes that involve an interdependent relationship between 
large scale estates and processing facilities and land settlement schemes 
for smallholders. One such scheme was the Cape Hoskins Oil Palm Land 
Settlement Scheme. Commencing in 1968 this was the first large scale 
'nucleus estate' in the country and had as its objectives the intro-
duction of oil palm on a commercial basis, the integration of people of 
different ethnic backgrounds into a single settlement scheme and the 
utilisation of some of the unexploited land resources of the country. 
In this study, analysis is made of data from a comprehensive labour 
availability and utilisation study of a sample of 23 settlers^ from 
Kapore, the first sub-division established in Hoskins. The objectives 
of the study are: 
(i) to examine the settlers actual labour utilisation patterns; 
(ii) to test the explicit and implicit assumptions made by the 
Project Planning Team regarding the availability and 
utilisation of labour of an average household; 
(iii) to relate labour inputs in oil palm to the performance of 
settlers in terms of their output levels via the estimation 
of a production function and a technical efficiency index 
of settlers. 
1. Collected by Dr R. T. Shand and W. F. M. Straatmans, Department of 
Economics, RSPacS, Australian National University. 
(v) 
The most notable findings of the labour input analysis are that an 
average settler household utilised more labour tlian was originally assumed 
by the Project and was able to overcome its family labour shortages during 
times of peak labour demand, e.g., harvesting, by utilising outside 
assistance obtained through a system of mutual labour exchange amongst 
households. Examination of differences in labour inputs of settlers 
reveals that significant variations exist in labour inputs in oil palm 
activities among the three ethnic groups and three household categories 
s t ud i ed . 
Multiple Regression Analysis on a cross-sectional time-series data 
matrix indicates that a statistically significant percentage of inter-
settler variations in output of fresh fruit bunches of oil palm is 
explained by the number of trees, the age of these trees and the 
managerial ability of the settler. Regression analysis of an index of 
technical efficiency, derived from the farm effect coefficients of the 
production function, reveals that a significant portion of the variations 
in technical efficiency of settlers could be attributed to the level of 
labour inputs in maintenance of oil palm holdings in the development 
phase and to the ethnic grouping of the settlers. Hence, differences in 
labour input in maintenance of holdings during the development phase 
explains a significant percentage of the inter-settler variations in 
output of oil palm. Labour inputs in harvesting was shown to be a 
function of fresh fruit output while labour input in hand pollination 
is postulated to determine output levels. A comparison of actual with 
predicted yields in Kapore and with actual yields in Nigeria and Malaysia 
seemed to suggest the inappropriateness of interior 'bliss point' 
theoretical models in a situation such as the Hoskins Land Settlement 
Scheme where farmers are plunged into a fully commercial venture. 
(vi) 
In conclusion, this study stresses the need for further investi-
gation of the differences in labour inputs in oil palm and hence in 
management levels. It is suggested that they be studied in the light 
of two possibilities: 
(i) that labour input is varied according to settlers' own 
choice; and 
(ii) that variations in labour inputs are due to settlers' 
lack of knowledge of appropriate management practices for 
oil palm. 
If difference in management levels is attributed to (ii) above, 
this thesis suggests the intensification of the extension services while 
taking cognizance of inter-settler differences in management ability. 
But if it is due to (i), inter-settler output variation would no longer 
be a problem of extension but of work-leisure preference and future 
studies should be directed at the determination of work-leisure 
preferences and the ultimate estimation of the subjective equilibrium 
point of settlers . 
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CHAPTER 1 
INTRODUCTION 
1.1 General Introduction 
This introductory chapter attempts to provide a general background 
of Papua New Guinea's political development geographical and most 
important economic characteristics. Following this, the broad 
objectives of the current study will be presented. 
For this study, an examination of the evolution of the nation's 
economy from pure subsistence towards increasing monetisation is of 
great relevance. The possibilities for, and the extent of, increased 
indigenous participation in cash cropping is the central theme of this 
study. This theme requires knowledge of relevant factors that affect 
such participation. As a general background therefore, factors 
relating to the country's geography, politics and especially the 
agricultural economy are discussed. Special emphasis is given to the 
relationship between cash crop production and the overall agricultural 
sector. 
Papua New Guinea, cited by many development economists as an 
example of a country with a primitive or a purely subsistence economy, 
emerged from its isolation about a century ago when it was annexed by 
the British and the Germans in the late nineteenth century. Such 
contacts led to the emergence of a small market economy where some 
commercial activities such as internal trading and regular transactions 
with the outside world began. With the development of the market 
economy, agricultural production has slowly but surely been geared to 
commercial purposes and export. In fact, until World War II the 
growth of the market or money economy depended pr imari ly on the 
expansion of export product ion . From 1895 to 1915, however, the small 
export trade was dominated by gold and there were only minor sa les of 
a g r i c u l t u r a l products , copra and rubber (Shand, 1963). The deve lop -
ment of both European and nat ive agr i cu l ture was encouraged only in 
the per iod 1907-1940 under the administrat ion of Hubert Murray. Most 
of the expansion which took p lace was in coconut p lant ing . Although 
most of the cash crops came from ' f o r e i g n o w n e d p l a n t a t i o n s t h e i r 
expansion up to the end of World War I I was l imi ted . A f t e r the war, 
the contr ibut i on of p lantat ion to t o t a l export earnings continued to 
i n c r e a s e , though at a l imited pace , while that of nat ives remain 
i n s i g n i f i c a n t . Such a s i t u a t i o n caused concern in the Government and 
2 3 Administrat ion of Papua New Guinea. For the f i r s t t ime, a more 
c o n s t r u c t i v e p o l i c y of nat ive development and increased f i n a n c i a l 
ass i s tance to the country was formulated. Though the dual p o l i c y of 
encouraging both European and nat ive development has been re ta ined , 
greater emphasis was given to measures f o r improving the we l lbe ing of 
the n a t i v e s . Development programs were designed to encourage the 
p a r t i c i p a t i o n of the indigenous people in a l l economic a c t i v i t i e s of 
the country. To quote , the program of development f o r Papua New Guinea 
over the per iod 1968-73 f o r example, had as one of i t s major 
o b j e c t i v e s ' t h e maximum p a r t i c i p a t i o n by Papuans and New Guineans at 
a l l l e v e l s ' (AAEC, 1971). Again in the subsequent e i g h t - p o i n t 
1. These inc lude the Germans who operated co t ton , t obacco , s i s a l 
hemp, rubber, c o f f e e and cocoa p lantat ions in 1914-18 and Austra l ia who 
up to 1939 was in possess ion of a p lantat ion industry in PNG. 
2. Before i t s independence the Terr i t o ry of Papua and New Guinea was 
administered by Austra l ia as an Administrat ive Union. 
3. As from 1 July 19 71 the na t i ona l name of the country became Papua 
New Guinea which replaced the former name ' T e r r i t o r y of Papua and New 
Guinea ' . The current o f f i c i a l name i s t h e r e f o r e used throughout except 
where the content demands otherwise , f o r example, in c e r ta in quotat ions , 
improvement plan of the Somare Government, the first following 
independence, the theme of indigenisation of the economy was clearly-
expressed as the first goal of the plan, namely, to secure: 
A rapid increase in the proportion of the economy under the 
control of Papua New Guinean individuals and groups and in 
the proportion of personal and property income that goes to 
Papua New Guinea (M.A, Sackett, 1975). 
One of the means by which the above objective could be achieved 
was to encourage the indigenes to participate in the monetary economy. 
Since the grov/th of the money economy depended primarily on the 
expansion of export production, such participation could be brought 
about if the indigenes were initially given incentives to convert their 
surplus labour into agricultural production for the market whilst 
maintaining their existing subsistence production. The process 
envisaged the encouragement of further cash crop production via 
village development and smallholder land settlement schemes and the 
strategy of 'nucleus estates' wherein estates and smallholders share 
in common services and facilities. 
The process of transition of Papua New Guinea from a pure sub-
sistence economy to that of subsistence with supplementary cash 
production has been studied in detail by development economists such 
as Fisk, Shand and Stent and Webb and several economic models of the 
process have been developed. However, few economic studies have been 
carried out on the next transitional stage in such an economy where 
the emphasis was on cash crop production with subsistence production 
as a supplementary activity. This is so because such a transition 
has been initiated in Papua New Guinea only recently by the Government 
with programs such as the oil palm land settlement schemes for the 
indigenous people. 
It is against this paucity of studies and the importance of the 
transition process, and also in the light of the Government's expressed 
commitment to increase the level of indigenous participation in the 
monetary economy and of economic specialisation that this study was 
made of the Cape Hoskins Oil Palm Land Settlement Scheme. 
1.2 Political Development of Papua New Guinea 
Historically, little was known about the territoiry of what is now 
called Papua New Guinea prior to the arrival of the Europeans who 
explored the coasts for about two hundred years before any territorial 
claims were made. 
The Dutch were the first to do so and laid claim to the western 
part of the island of New Guinea in the early nineteenth century. In 
1884, in response to the German presence in the north of New Guinea, 
the British annexed its south-eastern part and proclaimed it as a 
British protectorate. In 1902, British New Guinea became the Australian 
Territory of Papua. 
With the outbreak of World War I, Australian military forces 
occupied German New Guinea and after the war continued its admini-
stration under a mandate from the League of Nations. The territories 
of New Guinea and Papua continued to be separately administered by 
Australia until 1952. Following World War II, the Territory of New 
Guinea was placed under the trusteeship system as provided for in the 
Charter of the United Nations and from 1952 onwards the Trust Territory 
of New Guinea and the Australian Territory of Papua were administered 
by Australia as an administrative union known as the Territory of 
Papua and New Guinea. 
Prior to the joint administration of Papua New Guinea by Australia 
in 1952 and during the various colonial powers' rule (especially that 
of the Germans who were the administering body from 1884 to 1902) 
native interests with respect to land were less carefully safeguarded. 
The improvement of the indigenes' wellbeing was not of prime importance. 
Although some advantages, such as access to overseas markets and 
German-built roads benefited the indigenes, these accrued only as an 
'unintended' result of their plantation activities. This could be 
attributed to two factors: Firstly in the 1920s and 1930s, Papua New 
Guinea had a very small government budget and thus had to be self-
financing. In addition, the poor market outlook for their agricultural 
commodities, especially during the depression years, did not help the 
Government in their efforts to develop the infrastructure. 
With the establishment of joint rule of Papua New Guinea by 
Australia, the economic development pursued by the administration over 
most of the twenty-one year period was one aimed at ultimate budgetary 
independence for the territory and promotion of political, economic, 
social and educational advancement of the indigenous people. Australia 
made it clear that it intended to produce, as soon as practicable, an 
opportunity for complete self-determination and that it would defend 
the freedom of choice and respect the wishes of the people (IBRD, 
1964). After twenty-one years of Australian rule, internal self-
government was given to the country in 1972 when the Somare Government 
was elected to office. The objectives of the Australian administration 
were carried on and greatly intensified by the new government. In 1952, 
full independence was granted and Papua New Guinea emerged as one of 
the youngest nations in the third world. 
1.3 The Land and the People 
Papua New Guinea has a land area of approximately 470,000 km^ 
(IBRD, 1964). The eastern por t i on of the New Guinea mainland accounts 
f o r about 85 per cent of the land area while the res t i s made up of 
the 600 i s lands s t r e t c h i n g f o r more than 1,200 miles from east to west 
and some 750 miles from north t o south. Out of the t o t a l land area 
only 5 per cent or 24,000 W (Shand, 1969) has arable p o t e n t i a l and 
another 40,000 km^ i s grassland s u i t a b l e f o r grazing. A further 
100,000 km^ i s covered by unusable f o r e s t whi le the remainder i s 
rugged mountains, submarginal f e r t i l e land and swampland. These 
mountains and fragmented i s land chains thus account f o r the great 
d i f f i c u l t y in communication within the country and hence makes 
balanced reg iona l development even harder to achieve. 
The country l i e s wholly within the t r o p i c s with i t s northern 
i s lands almost bordering the equator . The lowlands and coas ta l areas 
are there f o re general ly hot and humid but the a l t i t u d e of the 
mountains makes for p rogress ive ly lower temperature and a general ly 
moderate c l imate . The heav i ly moisture- laden northwest and southeast 
monsoon i s a strong in f luence on the cl imate and brings about an 
average of 80-90 inches of ra in a year in most areas. In some areas, 
r a i n f a l l even exceeds 200 inches per year . 
In 1975, the populat ion of Papua New Guinea, as estimated from 
p r o j e c t i o n s by Lewis and Eleb (1975) was'about 2 .71 m i l l i o n or 5 .8 per 
km^ as compared with the 2.15 mi l l i on of 1966. The annual average rate 
of populat ion growth i s there f o re 2.9 per cent . Thus, with the 
4 
except ion of a few densely populated areas such as the Chimbu d i s t r i c t 
4, The Chimbu i s an administrat ive d i s t r i c t with an estimated 1975 
populat ion of 166,000 and a populat ion density of 29.6 per km^. 
and the coastal area of the Gazelle Peninsula^ land is relatively 
abundant and is no constraint to productivity increases in the agri-
cultural sector and overall economic development of the country. 
Similarly, labour is in abundance in this country and hence the problem 
of development is more of the provision of incentives and the creation 
of means and ways to utilise the existing surplus labour and of 
converting leisure into surplus agricultural production. 
The indigensou people have a great diversity of physical types of 
which the two main types are the Melanesian^ and the Papuan.^ These 
people are fragmented into small communities each consisting of about 
100-200 members. In the traditional community each individual is 
taught to carry out all the duties considered suitable to one's sex. 
Besides domestic duties in the house, women usually maintain the 
gardens, while the men do initial clearing and hea'vry work such as 
fencing. Planting, harvesting and maintenance is generally the work 
of both sexes. 
As far as the traditional ownership of land is concerned, it is 
vested in the community in most areas. Usufructuary rights are 
however given to individuals or families by agreement of all members 
of the owning group. The inheritance patterns of the traditional 
society are matrilineal in some groups and patrilineal in others, and 
thus gives rise to a complex system. Also complex are the social 
obligations existing among the members of the kinship groups. 
2 
3. Here population density is estimated to be about 45 per km and 
this figure is due to the alienation of large tracts of land by foreign 
plantation concerns and religious missions. 
6. The Melanesian type is representative of the coastal and island 
areas. 
7. The Papuan type is representative of the interior. 
Each member could claim the assistance and support of other members 
in time of need. Where necessary, the support of the young, the old 
and the sick was a group responsibility. This system of group responsi-
bility in fact accounts for the reluctance of many natives to leave 
their old environment and obtain employment or starts life afresh 
elsewhere on a permanent basis because their society provides a 
measure of security for all of them. 
1.4 The Economy of Papua New Guines 
Like any other less developed countries, the economy of Papua 
New Guinea is dualistic in nature and can be distinctly divided into 
two equally important sectors: the subsistence sector and the monetary g 
sector. The development of both sectors rests on agricultural 
production and the exploitation of its non-renewable resources. The 
only difference, however, lies in the fact that agricultural pro-
duction in the former is used for subsistence needs with or without an 
additional cash crop production while that of the latter is 
predominantly for exports either from plantations or smallholdings of 
indigenous people. 
The economic models which can appropriately be used to describe 
Papua New Guinea's economy are those of Pi.sk and Helleiner. These 
models will be discussed in detail and their significance to Papua New 
Guinea's economy will be examined in Chapter 3. 
8. The 19 71 census classified 40 per cent of PNG's total male 
population as 'mainly subsistence' while 34 per cent was considered 
'mainly money-making'. 
1.4,1 The subsistence sector 
Fisk (1962) defined a pure 'subsistence' unit as: 
one which is entirely independent on the outside world for 
the necessities of life and all items of normal consumption. 
All production within the unit is either self-consumed or simply 
allowed to waste. As such, saving is not given much encouragement, nor 
is there incentive for the unit to produce more than their normal 
immediate consumption. Hence in such an economy a very definite 
ceiling is placed on the product ion capacity of the unit. This may 
be so because once production is sufficient to meet consumption needs 
no additional satisfaction is derived from further surplus production. 
Such a totally isolated and independent primitive economy is rare 
even amongst communities in Papua New Guinea. However, in the context 
of this thesis 'subsistence economy' would refer not to a primitive 
economy often closely associated with extreme poverty but more to the 
non-monetary sector of the economy. In this sector, a major portion 
of economic activities or acts of production, transport, distribution 
and consumption of goods and services does not involve the use of 
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money and some exchanges, though negligible, do occur between sub-
sistence units themselves. Surplus labour time is available and a 
situation of subsistence affluence therefore exists. By 'subsistence 
affluence' the writer, quoting Fisk's definition again, means that the 
economy is in a state in which the supply of labour and other factor 
inputs is in excess of that necessary to meet the demand ceiling for 
food and other needs of a household. Thus, according to Fisk, the 
underutilised factor input which is in abundance in such an economy, 
9, For the purposes of distinguishing between monetary and non-
monetary economic activity, Fisk confined money to the following: 
1. Internationally recognised currency. 
2. Commodity or assets that are generally desired to be money 
and can always be converted into, money at will. 
3. Quasi money (such as accounts at dealers) that are accounted 
in money terms. 
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namely labour, could be mobilised and converted to surplus agricultural 
production if sufficient incentives and opportunities are created. 
In Papua New Guinea, the economic activity of the indigenous 
population in the subsistence sector is primarily the growing of staple 
foods, namely sweet potatoes in the highlands, and taro, yams and 
bananas in the lowlands. Agricultural producers follow a cultivation/ 
bush fallow system for cropland use. This system entails the clearing 
of forest and the subsequent planting of food crop. From then on 
unless the area is of very high fertility, the land is abandoned and 
remains fallow for a period governed by local population pressure. 
Prior to the 1960s, the contribution of the subsistence or non-
market sector to the national output of the country greatly outweighed 
that of the monetary sector. In the period 1961-65 for instance, the 
increase in total agricultural production accounted for 44 per cent of 
the increase in national product, but three-quarters of this increase 
came from the expansion of non-marketed agricultural produce in the 
subsistence sector of Papua New Guinea. In fact, one-third of the 
increase in national product then came from the subsistence sector 
(Shand, 1969). The important contribution of the subsistence sector 
continued in 1964-65 when it accounted for 84 per cent of total 
agricultural production. In the second half of the 1960s, however, 
the contribution of both the subsistence and the market fell as the 
overall contribution of agriculture to GDP declined. However the fall 
in contribution of the market sector between 1968 and 1970 was less 
(0.9%) than that of the subsistence sector (2.76%), implying an 
increased importance of the market sector as a source of growth for 
the economy (Table 1.1). 
TABLE 1.1 
PAPUA NEW GUINEA GROSS DOMESTIC PRODUCT, 1971-72 
(current producers' values) 
Sector Product value $m 
% GDP 
Annual average 
growth 
1965/66 - 1971/72 
Agriculture, hunting, forestry, fishery: 
Market component 73. ,8 11, ,4 7% 
Non-market component 145. ,6 22, .6 10% 
Total A.H.F and F: 219. ,5 34. .0 9% 
Mining and quarrying 13. .6 2. ,9 54% 
Manufacturing and utilities 45. ,8 7, , 1 22% 
Construction 94. .9 14, , 7 11% 
Wholesale and retail trade 43. .4 6, .7 • 14% 
Transport and coiiuiiunications 39. .9 6, .2 15% 
Community, social, business and personal services 67, .3 10, .4 7% 
Public authority and defence 69. .7 10, .8 20% 
Other 46, .3 7, .2 14% 
Total GDP 645, .4 100, .0 12% 
Source: National Account Statistics (1974), Bureau of Statistics, Port Moresby. 
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As far as factor inputs are concerned, it is worth noting that 
the ^ ^ is no general shortage of usable land in the subsistence 
sector. The overall adequacy of land is seen from the low population 
density of 11 persons per square mile (IBRD, 1964), and from the very 
small proportion of good land currently used. On average, subsistence 
farming each year uses less than 0.2 acres per person. 
Labour, the main variable input in subsistence production, is 
also in abundance. Here the household is the principal economic unit, 
aiming at self-sufficiency. Each household depends very largely on its 
own labour resources and sometimes additional assistance is obtained 
from relatives and friends on a reciprocal basis. The use of hired 
labour is minimal and this, in fact, could be further exploited to 
help increase production in this sector. 
1.4.2 The cash crop sector 
Commercial agriculture in Papua New Guinea takes two main forms; 
the plantation production of perennial crops for export and the 
production of dual-purpose crops, surpluses of which can be sold or 
bartered. Until recently, plantation production was almost entirely 
in the hands of European operators but indigenous farmers now play an 
increasing part. The production of dual-purpose crops is almost 
entirely confined to native farmers. 
Cash crop development in the country started as early as the 1880s 
with the annexation of Papua by the British and German powers 
respectively. The first plantation crop introduced in the coastal 
regions was coconut followed by rubber, some cocoa and coffee. Today 
new crops such as tea and oil palm have been added to the list. 
Production of the major crops at two time periods are presented in 
Table 1.2 for comparative purposes. 
TABLE 1.2 
PRODUCTION OF EXPORT CROPS BY SECTORS 
(tonnes) 
1965-66 crop Smallholder Plantation Total Proportion from smallholder sector (%) 
Copra 37 ,583 91,652 129,235 29.1 
Cocoa 4 ,197 14,658 18,855 22.3 
Coffee 6 ,900 3,936 10,836 67.7 
Rubber 31 6,284 6,315 0.5 
Tea - - - -
Palm oil - - - -
1972-73 crop Smallholder Plantation Total 
Proportion from 
smallholder 
sector (%) 
Annual growth of proportion 
from smallholder sector (%) 
Copra 51,872 77,384 129,256 40. 1 1.57 
Cocoa 6,817 15,541 22,358 30.5 1.17 
Coffee 24,974 9,824 34,798 71.8 .58 
Rubber 204 5,641 5,845 3.5 .42 
Tea 690 2,887 3,577 19.3 2. 75 
Palm oil 21,351 8,793 30,134 70.8 10.11 
(jO 
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From Table 1.2 it can be seen that the production of coffee, 
cocoa, tea and oil palm have shown an upward trend while that of 
rubber has actually declined. Smallholder contribution to national 
output, too, has shown an increasing trend. In general, major 
agricultural export crops especially oil palm are expected to increase 
even further by 1980 (Table 1.3). In terms of land use under the 
various forms of agricultural production, the figures estimated in 
1970-71 were as follows: 
Food crop production (monetary and 
subsistence sector) ' 150,000 ha (33%) 
Plantation agriculture 190,000 ha (41%) 
Smallholder cash cropping 120,000 ha (26%) 
All agricultural production 460,000 ha (100%) 
The importance of the cash or monetary economy as a source of 
growth for the economy was first realised in the mid-sixties when the real 
gross monetary product expanded at an average rate of 13.4 per cent a 
year compared with the subsistence output which grew at only a little 
more than the rate of increase of the indigenous population (2.2% a 
year) . By the end of the period, the monetary sector accounted for well 
over half the production of goods and services in PNG compared with only 
one-third at the beginning. This substantial growth of market pro-
duction in the 1960s could be attributed to a transfer of resources into 
the cash economy both from subsistence production and from abroad. 
These resources comprised primarily of unskilled labour and land 
(Treadgold, 1974). 
10. According to recent estimates, between 40 and 50 per cent of the 
country's cash crop production and exports is contributed by small-
holders while the indigenous urban population tripled during 1966-1975. 
These data show that the indigenous economy has already been signifi-
cantly commercialised (Economic Report on PNG, 1976). 
TABLE 1.3 
ACTUAL AND PROJECTED VOLUT-IE OF MAJOR AGRICULTURAL EXPORT COMMODITIES, 1973-74 - 1979-80 
(in '000 tonnes) 
Commodity 1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 
Coffee 32.7 36.7 41.0 43.0 46.0 49.0 52.0 
Cocoa 28.7 35.5 34.0 35.0 36.0 37.0 38.0 
Copra 73.6 99.1 91.0 90.0 89.0 88.0 87.0 
Coconut oil 26.8 25.0 27.0 27.0 27.0 27.0 27.0 
Copra pellets 15.0 15.0 14.0 14.0 14.0 14.0 14.0 
Palm oil 8.7 18.4 25.0 29.0 34.5 39.5 48.0 
Palm kernel 1.1 1.5 3.0 4.1 4.9 5.8 6.8 
Tea 4.0 4.4 5.4 6.3 6.8 8.3 10.0 
Rubber 6.1 5.5 5.9 5.7 5.6 5.6 5.4 
Source: IBRD, Economic Report on Papua New Guinea, June 1976. 
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As mentioned earlier, the growth of the plantation sector has 
until recently been dominated by foreigners. The only form of 
indigenous participation then was as unskilled or semi-skilled workers 
on the plantations. Since the Second World War, indigenous partici-
pation in the cash crop sector has increased substantially but foreign 
ownership and operation of plantations is still dominant. For example, 
in 1965-66, plantations owned by foreigners produced about 64 per cent 
of the gross value of marketed primary production. In fact, plan-
tations have been the chief source of growth in the coconut, cocoa, 
and rubber industries until 1964, since which time indigensous small-
holders have produced the greater share of the output (Shand, 1969). 
The increasing contribution of indigenes to total production and in 
terms of export value is illustrated in Table 1.4. 
The increase in indigenous participation in cash crop production 
has been the result of continued association with the cash economy 
and also of contact with the military forces of several countries 
during the war. Consequently, native participation in commercial 
production expanded to the point in 1962 when 50 per cent of the area 
under coconut, 70 per cent of the coffee area and 17 per cent of the 
cocoa area were under their control. At present, these smallholders 
account for 40-50 per cent of the entire cash crop output and exports 
(mainly coconuts, coffee, cocoa, oil palm, rubber and tea; IBRD, 1976). 
The newest addition to the list of cash crops and to those in 
which the Government is trying to encourage the participation of 
indigenous smallholders is oil palm. To secure such participation, the 
Government has implemented a nucleus estate strategy involving 
interrelated estates and smallholder land settlement schemes based on 
the cultivation and processing of this crop. Since this study is con-
cerned with such a project, some introductory notes are made of the crop, 
TMLE 1 . 4 
PRODUCTION OF CROPS BY INDIGENES AS A PERCENTAGE OF TOTAL PRODUCTION IN QUANTITY TERMS FOR SELECTED YEARS 
FROM 1959-60 TO 1971-72 AND IN EXPORT VALUE TERJMS FOR 1973-74 AND 1974-75 
Crop 1959-60 1961-62 1963-^4 1965-66 1967-68 1968-69 1969-70 1970-71 1971-72 1973-74 1974-75^ 
Copra 26 28 28 32 33 33 34 37 37 39 50 
Cocoa 30 28 29 26 27 24 26 31 31 22 37 
C o f f e e 38 44 57 65 68 71 77 72 71 63 70 
Rubber neg neg neg 1 neg neg 1 1 3 7 8 
Tea n . a . n . a . n. a . n. a . 7 11 8 19 23 12 17 
R i c e 76 65 81 77 89 84 86 97 97 n. a . n . a . 
Peanut s 26 6 15 45 57 79 n . a . n . a . n . a . n . a . n . a . 
Pyrethrum - - 100 100 100 100 100 100 100 100 100 
P a s s i o n f r u i t 100 100 100 100 100 100 100 100 n. a . n. a . n . a . 
O i l palm - - - - - - - - - 65 67 
a . E s t i m a t e 
Source : 1959-60 to 1971-72 , Bureau of S t a t i s t i c s , R u r a l I n d u s t r i e s B u l l e t i n to 1971-72 (1975) 
1973-74 and 1974-75, C e n t r a l P lanning O f f i c e , Programs and Per formance 1975-76 , Por t Moresby, 1975, 
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Commercial planting of Papua New Guinea's first oil palms commenced 
in the Cape Hoskins area of New Britain in 1967. Progress with the 
establishment of a nucleus estate and associated smallholder blocks 
has been well up to expectations, and production commenced as planned 
in July 1971. Estate and smallholder production of palm oil totalled 
about 18,400 tons in 1974-75 and is expected to increase to 48,000 tons 
in 1979-80 (IBRD, 1976). In terms of area planted, about 2,390 hectares 
have been planted on the estate and 4,250 hectares by 1,450 smallholders 
as at 1973. There are also 490 hectares on 160 village blocks and some 
200 hectares on small expatriate holdings (Central Planning Office of 
Papua New Guinea, 1973). In view of such success an increase in 
estate and other plantings areas was called for. It was proposed that 
a further 7,690 hectares be planted, including 60 per cent of indigenous 
plantings. Further proposals called for the development of two 
additional settlement schemes namely in the Toiru-Pandi area and in the 
vicinity of the Kapiura River on the nucleus estate/smallholder basis. 
It is estimated that the former would involve 9,716 hectares of oil 
palm while the latter could involve another 3,562 hectares. By 1972-73 
it was estimated that about 1,200 workers would have been employed in 
oil palm estates and processing factories. In terms of export value, 
oil palm products were expected to total $900,000 in 1972-73, $2.7 million 
by 1974-75, and $7 million by 1976-77 (Office of Programming and Co-
ordination, PNG, 1971). 
1,5 Objectives of the Present Study 
Although numerous studies have been made of the problem of how to 
accelerate the transition of Papua New Guineans from non-monetary 
subsistence oriented economic activity to full participation in the 
monetised exchange system of the market,' and various theories and models 
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have been proposed, the efforts of economic planners to implement 
such theories have, however, been met too often with a slow response. 
This study is an attempt to look at one such effort: the production 
of an agricultural commodity primarily for the market by predominantly 
subsistence farmers. 
In this country, the two main factor inputs of the non-monetary 
sector - land and particularly labour - are still in abundance and the 
marginal productivity of such factor inputs are still high. Hence, to 
accelerate the transition process measures should be sought to mobilise 
these factors so that agricultural production is encouraged towards its 
maximum potential with surplus production directed to the market. One 
such measure is to reallocate land and especially surplus labour more 
efficiently from leisure and social activities to cash cropping with-
out reducing subsistence production. It is towards this end, therefore 
that the Oil Palm Smallholder Land Settlement Scheme in Cape Hoskins 
was formulated and implemented. Since most models of 'economic 
transition' do not take into account the case of 'delayed or lagged 
income' involving tree crops such as oil palm, this study is primarily 
aimed at observing how the smallholder allocated his time between work 
and leisure under these conditions. 
The Cape Hoskins settlement scheme is the first of such schemes 
that is based on a primary cash crop orientation with subsistence in 
a supplementary role. In other words', the producers are oriented mainly 
towards the monetised economy and their main productive efforts are 
directed at earning a money income. Most of the unit's basic food 
requirements, however, continued to be produced at home because it is 
more economical to do so. The knowledge of the response of settlers 
to such a scheme in terms of their labour inputs in cash crop production 
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as compared to that in subsistence production and leisure is therefore 
of great importance to policy makers. 
Given such needs, the survey, as well as the current study, is 
therefore directed towards the following objectives: 
1. To examine the average settler's actual labour availability 
and labour allocation pattern particularly between oil palm 
activity and subsistence gardening. Based on these obser-
vations, inferences will be made of the settler's ability to 
cope with the additional features and labour needs of the new 
production pattern. 
2. To test the explicit and implicit assumptions made by the 
Project Planning Team prior to the establishment of the scheme 
concerning the labour availaiblity of an average household and 
labour requirements of the various activities. 
3. To test for variations in labour inputs between settlers of 
three main ethnic groups and between settlers of three 
household sizes. 
4. To postulate and test the relationship between labour inputs 
in the Development and the Production Phases and output of 
fresh fruit via the specification and estimation of a 
production function for settlers' oil palm and analysis of 
the technical efficiency of settlers. An attempt at an explan-
ation for the variations in performance of the settlers will 
also be made . 
5. To derive yield estimates for Kapore by utilising the yield 
coefficients of the statistical production function specified. 
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CHAPTER 2 
DESCRIPTION OF THE STUDY AREA AND 
SURVEY PROCEDURES 
In this chapter a brief account of the history and characteristics 
of the Cape Hoskins Oil Palm Scheme will be presented. As a background 
to the analysis, a description of the survey area, the sample design 
and survey procedures followed will also be discussed in detail in 
sections 2.2 and 2.3. 
2.1 Cape Hoskins Oil Palm Scheme 
Although oil palm had been growing in some areas in Papua New 
Guinea since even before World War II, none was grown on a commercial 
basis. Interest in the crop on a wider scale was only aroused when 
the International Bank for Reconstruction and Development recommended 
in its report (1965) that oil palm should be introduced on a plantation 
and smallholder scale in certain areas of Papua New Guinea. The 
recommendation was taken up by an established company, Harrisons and 
Crosfield (ANZ) Limited, who after a series of surveys and discussions 
with the administration of Papua New Guinea decided to undertake the 
project at first on a trial basis. The first oil palm company in 
Papua New Guinea, named the New "Britain Palm Oil Development (Ltd) , 
was then formed on a joint venture basis between Harrisons and Crosfield 
and the Papua New Guinea Administration with equal shares held by each 
partner. The development of the oil palm scheme in West New Britain 
was designed around two components: one was a nucleus estate and 
factory complex to be established and supervised by Harrisons and 
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Crosfield; the second was a settlement scheme for indigenous farmers, 
to be initiated along the estate's periphery by the administration, 
partly financed by the IBRD. 
2.1.1 The Estate Scheme 
The initial target of the management of the estate scheme was to 
develop a 3,000 acre nucleus plantation/factory complex out of a 5,400 
acre block of land situated at Nahavio between Hoskins and Talasoa. 
At the same time, the settlement of 500 families of indigenous small-
holders who were to plant A,000 acres of oil palms in Kapore, an area 
adjacent to the nucleus estate, was to be undertaken. In conjunction, 
an oil mill with the capacity to handle the fruit from 6,000 acres of 
oil palm was also to be set up. Half of its capacity was to be 
reserved for the processing of the smallholders' crop. On the whole, 
a sum of $A2.5m was initially provided for the establishment of the 
nucleus plantation. 
The development of the plantation officially began on 1st July 
1967. From then, planting operations on the plantation progressed 
rapidly using a supply of seedlings from the plantation's own central 
nursery. Later, encouraged by the progress achieved, the planting 
target was increased to 6,500 acres. To cope with this new planned 
target the mill capacity was also redesigned to process 50 tons of 
the original 15 tons per hour. Construction of the mill was completed 
by the beginning of 1971 and it came into operation in July 1971. The 
shipping terminal at Kimbe started operating in November of the same 
year in time for the first oil export from the country. 
Although initially the plantation had to face its share of the 
normal teething problems faced by every new project it was able to 
come into production on the date originally scheduled. Much more 
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spectacular was the fact that production of palm products in the first 
year was almost twice as high as originally estimated. This could be 
attributed both to the early maturity and high cropping levels achieved 
as well as to the fact that the palm oil content was nearly 20 per cent 
higher than the level normally achieved during the first year of 
production elsewhere. The success achieved over the first five-year 
period of the project thus indicated the feasibility of a successful 
development of a nucleus plantation and smallholdings on a large 
commercial basis in Papua New Guinea. 
2.1.2 Smallholder settlement scheme 
2.1.2.1 Objective: 
The smallholder settlement scheme, established along the 
periphery of the nucleus estates, was implemented with several 
objectives in mind. These objectives were (IBRD, International 
Development Association, 1968): 
(i) to bring about 580 families from other parts of the 
Territory and settling them at the scheme, each on a 
holding having about 15 acres of land suitable for 
oil palm cultivation; 
(ii) to establish within 3 years of settlement 8 acres of 
oil palms on each holding - a total of 4,640 acres of 
oil palms; 
(iii) to erect permanent settler houses and establish food 
gardens on each holding; 
(iv) to provide a suitable infrastructure for the settle-
ment area; 
(v) to provide necessary health, education and welfare 
services for the settlers; 
24 
(vi) to assure the farmers of adequate processing and export 
facilities. In its contract with the Government the 
estate mill would process the fresh fruit bunches produced 
by the farmers and provide a guaranteed market for the 
output of the settlers for a period of 25 years at prices 
that would be determined by a formula mutually acceptable 
to the Government and the International Development Agency. 
The first 500 settlers for the scheme were brought in over a two-
year period: 330 families in 1968 and another 170 families in 1969. 
The year 1968 was chosen as the first year for smallholder planting 
because it was necessary for the first settlement planting to be one 
planting season (12 months) behind the first estate planting which 
started in 1967. This time lag was essential in order to avoid the 
possible situation of smallholders commencing to produce fresh fruit 
even before the factory was ready to start processing. 
Within two years of its development, it became evident that the 
initial smallholder scheme established in Kapore would prove successful. 
However, this scheme was too small to be commercially viable and in 
1969 the NBPOD agreed to raise the planting targets from the original 
4,000 to 10,080 acres. This area will be divided into three blocks: 
Kapore, Tamba and Sarakolok Lakiemata. 
2.1.2.2 Organisation and pattern of development 
Various studies have indicated that the failure of earlier land 
settlement schemes in Papua New Guinea could be attributed to reasons 
such as over-expectation of individual settler's level of enterprise, 
the practice of regional discrimination in the provision of extension 
services, the slowness of the authorities to ensure the fulfilment of 
borrowing and leasing conditions by the settlers and the failure to 
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provide amenities and services in the fields of education and other 
social services to the settlers. To minimise the risk of failure 
therefore the Hoskins settlement project was organised and implemented 
in a way such that the services of the various Government departments 
involved would be co-ordi nated. Two project co~ordinators were 
appointed for this purpose. One was placed at headquarters (Konedobu) 
and the other in the field at West Nakanai. Overall responsibility 
for the project was given to the headquarters project co-ordinator who 
was also responsible to the assistant administrator, while the site 
co-ordinator's responsibility was limited to activities around the 
project site. The site co-ordinator was assisted by a project manager 
whose responsibilities include development matters such as pre-clearing, 
the accommodation of settlers on their arrival and the distribution of 
supplies. Later, as the settlement scheme developed, officers from 
the Department of Agriculture were appointed as project field super-
visors to provide extension services to the settlers. Each super-
visor was assigned to supervise a group of forty settlers. 
Under the scheme, settlers live on their own holdings. Although 
initially they were provided with temporary accommodation in school 
buildings, they were subsequently required to construct and move to 
their own houses. Supplies of permanent materials for the house were 
provided for and delivered to each settler's farm. As a guidance on 
construction of houses a demonstration house was erected on each block. 
From the very beginning, the settlers showed a spirit of mutual 
co-operation by working together on each other's house. This co-
operative effort enabled each settler to move into his own house within 
a period of 4-6 weeks. 
The smallholder settlement program provided each settler and his 
family with a 15-acre holding of land suitable for oil palm cultivation. 
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This was made available to him on a 99-year lease. Out of the total 
15 acres, each settler was expected to subsequently plant about 11-12 
acres of oil palm and the balance was to be used for subsistence crops 
and the house lot. The plan of planting the oil palm for each settler 
was as follows: 
In the period up to 1971, 8 acres of oil palms were to be 
planted by each settler, namely, 
3 acres in year 1 
3 acres in year 2 
2 acres in year 3. 
The planting schedule was based on previous estimates of availability 
and productivity of labour. Eight acres was not the maximum that each 
settler could plant but it was chosen as a cut-off point 'determined 
by total labour availability and the inputs for harvesting of this 
area when it is in full production and for its maintenance and for the 
control of pests and diseases' (Project Planning Team, 1967). 
The smallholder program did not stop at the settlement stage 
In fact, it provided the settlers with a full range of social services, 
the most important of which were education, health and agricultural 
extension. Initially a community development centre was established 
on each block to house these services plus some recreational and 
religious facilities. Later, as the area increased in importance, 
primary schools, and houses for agricultural officers, were constructed 
and school teachers were provided for each block. 
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2.1.2.3 Financial arrangement 
Under the program each settler was initially required to pay an 
average annual rent of $A9 per annum per holding to the Government for 
the first 10 years, after which it would be subject to a review. 
It was assumed the settler had no other source of income or 
saving to contribute. As such, to help him finance the development of 
his holding and operating expenses, a participating settler was 
provided with a loan by the Papua and New Guinea Development Bank. 
In fact, each loan given was meant to cover the whole amount of the 
actual costs incurred by each settler and his family in moving to the 
project site, in establishing his 8 acres of oil palm, in constructing 
his house and even in purchasing the household utensils. In view of 
the fact that the subsistence food garden would not start to produce 
before 6 months elapsed, the loan would also cover food purchases. 
Each settler, on being selected, received in total a loan of $A1,992 
paid normally in kind plus a cash living allowance of $A8 per month. 
Interest on the loan was to be capitalised during the first three years. 
Repayment of the loan was ensured by the Development Bank's 
instructions to the Mosa Oil Mill to deduct up to 50 per cent of the 
value of deliveries of settler's fresh fruit bunches subject to a 
minimum of $A8 per month from each settler. Based on the predicted 
yields and prices of the time,each settler was expected to complete his 
loan repayment by the eleventh year a'fter planting out his oil palms 
while leaving him with a reasonable cash income at all times. Under 
this repayment system, the possibility of bad debts by the settlers 
was minimised because the settler's only market for fruit was the Mosa 
Oil Mill company. In addition, as a double protection against cases 
of non-repayment and unsatisfactory performance by individual settlers 
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the Development Bank arranged with the Project Administrator to have 
the living allowance of any settler with a below standard repaying 
performance suspended. 
2.1.2,4 Assumptions of the program 
In planning the program of development for the Hoskins Settlement 
Scheme, several assumptions, particularly with respect to labour 
availability and utilisation, were made by the project planners (Project 
Planning Team, 1967). These assumptions are as follows: 
1. There are 1.5 units of labour per settler family, and 
275 working days per year. A total of 410 man days labour 
time is thus available to each household per year. 
2. Labour inputs per operation are tabulated: 
Operation Man days/acre 
Clearing, burning and site 
preparation up to planting 
stage 
Burning, holing, planting 
and cover crop establishment 
Maintenance and pest control 
Harvesting - year 4 
- year 5 
- year 5 
- year 7 
- year 8 
- year 9 
Subsistence gardening 
40 
25 
13 
6 
12 
14 
15 
18 
18 
30 
Every settler is married and each wife provides 2.5 man days 
of labour per week. 
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Based on the above assumptions, a sequential development program 
for the smallholder was drawn up. The detailed break-up of this 
development program is shown in Table 2.1. 
Three other assumptions which, although not explicitly stated by 
the project, should be borne in mind, can be stated as follows: 
1. No variations in labour inputs among settlers due to 
differences in family composition. 
2. No variation in labour input among settlers due to 
differences in ethnic grouping. 
3. No additional outside labour either in the form of 
mutual exchanges or hired labour. Each household unit 
is assumed to work only on his own block. 
2.1.2.5 Choice of smallholders 
The success of any land settlement scheme ultimately rests with 
the settlers. As such, one aspect of the scheme which should be given 
proper attention and considerable thought is the choice of settlers 
and the criteria used in selecting them. 
For the Hoskins Smallholder Settlement Scheme, settlers were 
recruited by public invitation. The agency responsible for recruiting 
them was the Land Board. This Board visited recruitment areas and 
interviewed applicants before making its independent recommendation to 
the Administration as to the choice of settlers. 
In making its choice, the Land Board considered, among other 
things, the applicant's background especially in farming and plantation 
work, his physical health and willingness to move, and his family 
composition. Therefore, the Board tended to favour farmers who were 
young family men because they were more likely to settle down and make 
a determined effort to develop their blocks than single men. 
TABLE 2 . 1 
DEVELOPMENT PROGRAM FOR INDIVIDUAL OIL PALM SETTLERS 
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 
Operation 
tn 
o) 
o 
C 
n • W1 tfl U) tn cn 
Cfl n) s-i Cd J-l CT3 cd ct) H CO V-i 
T3 3 cn M Cfl cn 13 3 CO 13 3 cn 13 3 cn 13 3 cn 13 3 
O QJ o dJ 0 cu 0 OJ 0 QJ 0 0) 0 cu 0 (U 0 
!-( c ^ S-J CXI S-i C XI (-1 C X n Ci X M C X C XI 
CTj o CO Cd 0 nJ nj 0 m nj 0 n3 nj 0 nj cd 0 cd cd u cd cd 0 cd cd 
KJ c S K-1 < S KJ C S i-J < C < a HJ S e-l 
Clearing , s i te 
preparation 3 . 5 140 3 . 0 120 2 . 5 100 1 . 0 40 1 . 0 40 1 . 0 40 1 . 0 40 — — — — 
Plant ing 3 . 0 75 3 . 0 75 2 . 0 50 - - - - - - - - - - -
Maintenance and 
pest control 3 . 0 39 6 . 0 78 8 . 0 104 8 . 0 104 8 . 0 104 8 . 0 104 8 . 0 104 8 . 0 104 8 . 0 104 
Harvesting - - - - - - 3 . 0 18 6 . 0 54 8 . 0 90 8 . 0 111 8 . 0 12 7 8 . 0 152 
Subsistence gardening 0 . 5 40 0 . 5 40 1 . 0 80 1 . 0 80 1 . 0 80 1 . 0 80 1 . 0 80 1 . 0 80 -
Total labour used 295 313 334 242 278 314 335 311 256 
Surplus l a b o u r ^ 115^ 97 76 168 132 96 75 99 154 
a . Surplus labour is calculated by taking the d i f ference between total man days ava i lab le (assumed to be 410 man days) 
and the man days used for each operation. This surplus labour is brought about by the fact that although the male 
household head was assumed to carry out a working week of 5 . 0 3 man days, about h a l f of the labour in actual pract ice 
was contributed by h is w i f e . 
A planting density of 60 palms per acre i s to be followed and each sett ler develops only 8 acres under o i l palm up 
to year 1971-72. ^ 
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Furthermore, since private ownership and consistent labour input is 
fundamental to the development of such a scheme, it was felt that 
married farmers should be given priority to the scheme. Besides the 
emphasis on marital status, special efforts were also made to recruit 
farmers from the overpopulated areas of Papua New Guinea such as 
Chimbu, Sepik and Tolai, Finally a settler, before being selected, 
was required to have a clear record with the Development Bank. 
Under the program, the preparation for each of the five groups of 
blocks were timed at intervals of about twelve months. Selection of 
settlers was at the beginning of the year so that by the middle of the 
year the selected applicants would be able to settle on their blocks 
and by the end of year transplanting of oil palm seedlings could take 
place. 
2.2 Significance and Description of Study Area 
2.2.1 Significance 
The Hoskins Land Settlement Scheme on New Britain is the subject 
of this survey because it is a pioneer to Papua New Guinea in several 
aspects. Many of its features and concepts are new to the country. 
Not the least of the new features is the crop itself. Papua New 
Guinea had no oil palm industry before this project although several 
experiments in oil palm have been carried out. 
The project is a pioneer also in the sense that it represented 
the first time the Administration went into a partnership with a 
private enterprise company for a major development and trading project. 
Although New Guinea already had another major partnership between 
Government and private enterprise in the Commonwealth New Guinea Timber 
Limited at Bulolo, this was the first time that the shareholder was 
the Papua New Guinea Administration. In' the timber project the 
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Government shareholder was the Commonwealth Government of Australia 
prior to independence. 
Another new feature of the oil palm project was its establishment 
as a 'nucleus estate' with Harrisons and Crosfields establishing the 
processing factory and its own plantation in the centre, while around 
this 'nucleus' are the 400 plus small plantations owned and operated 
by selected smallholders. This type of development existed to a 
limited degree in Papua New Guinea rural industries such as in the 
beef cattle industry, but the oil palm project is the country's first 
highly organised nucleus estate. 
The scheme is also the first in which a significant group of native 
settlers received finance from the Papua New Guinea Development Bank, 
On the social and community side too, this scheme is of con-
siderable significance because for the first time men from various 
different cultures and different levels of civilised development were 
dra\sTi together on the scheme. The settler was given individual owner-
ship of his land. This individual land tenure is foreign to many native 
communities because land is usually group owned (section 1.3). 
Hence this study is of significance in view of the fact that it enables 
planners to see the effect of such individual land tenure on the work 
effort of the settlers. 
The oil palm scheme was also chosen for this study because it 
represents the first scheme in which native farmers, who were non-cash 
croppers earlier, were given the opportunity to grow a tree crop for 
export on an organised and large scale basis. A study on the activity 
patterns of these farmers would therefore enable development planners 
to see how the settlers were able to allocate their labour input 
between a predominantly cash crop and a subsistence crop. Although 
there have been a number of studies on activity patterns of Papua New 
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Guinea villages in recent years (Crocombe and Hogbin, 1963; Rimoldi, 
1966; Waddell and Krinks, 1968) this survey (initiated and carried out 
by Shand and Straatmans) was the first done on a land settlement scheme 
based on the growing of a tree crop. 
2.2.2 Description 
The data for this study was obtained from a survey designed to 
examine the activity, income and expenditure patterns of smallholders 
at Kapore, the first subdivision established at Hoskins. 
In terms of size, Kapore and Tamba, the first two blocks established 
under the scheme totalled about 7,500 acres. During the period of the 
survey (1968 to 19 72) Kapore had between 122 and 129 blocks of land on 
each of which one nuclear family was settled. Blockholders^ in Kapore 
block are made up of indigenes from several home areas (see Table 2.2). 
The subdivisions in Table 2.2 distinguish geographical subgroups 
among the holders. Some groups such as theChimbuand Dagua are also 
cultural groups. In general, however, the groups are non-traditional 
in that they unite people who traditionally were members of separate, 
politically autonomous groups. In Kapore, the area under study, the 
groups most readily apparent are those listed in column 2 of Table 2.2. 
Each block in Kapore is operated typically by the nuclear family 
consisting of husband, his wife or wives and their children. This 
family resides on its own block and is officially regarded as the 
primary social and economic unit for development of each block as 
mentioned above. Most blockholders are young family men. However, 
single men were not totally excluded from the scheme. 
1. Blockholder in this context refers to individual men who were 
given a lease on Cape Hoskins oil palm blocks. 
TABLE 2.2 
HOME AREAS OF KAPORE BLOCK-HOLDERS 
General home areas 
and number of block-
holders from each 
Subdivisions of 
home areas in 
Column 1 
Subdivisions of 
home areas in 
Column 2 
Subdivisions of 
home areas in 
Column 3 
Home areas of 
block-holders 
in sample 
New Guinea 
mainland 86 
New Guinea 
islands 40 
Sepik 45 
Chimbu 
Madang// 
Tolai 
Bali//// 
40 
1 
33 
Dagua 
Bus Sepik 
Wara Sepik 
Gembogl 
Sinasina 
Kundiawa 
Gumine 
28 
12** 
45 
29 
4 
_6 
40 
1 
Duke of York 
islands 
Other Tolai 
2 
31 
33 
3 
1 
Kokopo 
Rabaul 
18 
13 
P ap uan 
* The names of home areas are those the settlers themselves used. 
** This refers to the strip of land between the Sepik Flood Plain and the New Guinea north coast, 
*** This refers to the area along and near the Sepik River. 
// Madang District rather than Madang town because the holder came from Manam island. 
//# An island off the north-west New Britain coast. 
Source: New Guinea Research Bulletin No.49, p.27. 
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2•3 Sampling Technique and Survey Procedures 
2.3.1 Sample design 
Data used in this study was taken from a survey designed to 
examine the activity, income and expenditure patterns of smallholders 
at K a p o r e . The survey was conducted from 1968, the year of establishment 
of the land settlement scheme at K a p o r e , to 1972, a year after the first 
oil palm fruit harvest in the scheme. As mentioned earlier, the survey 
was also to provide some interesting information to economic, agri-
cultural and even social organisations watching the scheme with 
considerable attention because of the new features. 
An unrestricted simple random sampling design was used for this 
survey. Since Kapore was the first and only block that had already 
been established at the period of the survey, the question of choosing 
which block for the survey did not arise and hence a stratified multi-
stage sampling was not required. The sampling frame consists of a 
complete list of all the blockholders in Kapore and from this a sample 
of 9 households was chosen in the first visit of year 1. By the end 
of the y e a r , h o w e v e r , the number had grown to 17, about 13 per cent of 
the 129 settler blocks at Kapore. A sample fraction of one/seventh 
was used in this survey. The major ethinic and regional groups to which 
settlers belong - the Chimbu, Sepik and Tolai - were represented in the 
survey sample. In year 1 there were 3 Chimbus (subsequently increased 
to 8) , 7 Sepiks, 5 Tolais (later increased to 7) and one Papuan. One 
household composition of sample in year 1 is shown in Table 2.3. By 
the end of year 5 of the survey, the sample contained 23 settlers. 
The survey was carried out in Melanesian Pidgin, the coimnon 
language used in Papua New Guinea. Thus, to enable the collection 
of a large volume of detailed data respondents needed to have 
significant knowledge of the language. Since some household heads had 
TABLE 2.3 
SAMPLE HOUSEHOLD COMPOSITION FOR EAQl VISIT, YEAR 1 
Visit 1 Visit 2 Visit 3 
3ehold 
Adult Adult Child-
Out-
side 
help 
Adult Adult Child-
Out-
side 
help 
Adult Adult Child-
Out-
side 
help males females ren 
males females ren males females ren 
1 2.0 1.9 2.9 0.0 2.0 2.0 2.0 1.2 2.0 2.0 2.0 0.4 
2 1.0 1.0 0.0 0.0 1.0 1.0 0.0 0.6 1.0 1.0 0.0 0.6 
3 1.0 1.0 0 .0 1.1 1.0 1.0 0.0 0.0 1.0 1.0 0.0 0.3 
4 1.0 0.0 0.0 1.0 1.0 0.0 0.0 1.6 1.0 1.0 1.0 0.7 
5 1.0 1.0 0.4 0.5 1.0 1.0 2.0 0.0 1.0 1.0 3.0 0.1 
6 1.0 1.0 0.4 0.0 1.0 1.0 0.4 0.0 1.0 0.8 0.5 0.0 
7 1.0 0.0 0.0 0.0 1.0 1.0 0.0 0.6 1.5 1.0 0.0 0.4 
8 1.0 • 1.0 0.2 0.0 1.0 1.0 0.0 0.0 1.0 1.0 0.0 0.4 
9 1.0 1.0 0.0 0.4 1.0 1.0 0.0 0.4 
10 1.0 1.0 0.0 0.0 1.0 1.0 0.0 0.0 
11 1.0 0.0 0.0 0.6 1.0 0.0 0.0 0.8 
12 1.0 0.0 0.0 2.0 1.0 0.0 0.0 0.7 
13 1.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 
14 1.0 0.0 0.0 1.3 1.0 0.0 0.0 0.4 
15 1.0 2.0 3.9 0.0 1.0 2.0 4.0 0.0 
16 1.1 0.0 0.0 0.2 1.0 1.0 0.0 0.0 
17 1.0 0.0 0.0 0.3 
Average 
HousehoId 
1.1 0.9 0.5 0.2 1.1 0.8 0.5 0.6 1.1 0.8 0.6 0.4 
* Household composition refers to only those who contributed towards economic activities. A labour unit signifies 
the presence of an individual on a block during the course of a survey or visit. Fractions of a unit indicate an 
individual was present only during part of the whole period. 
Source: New Guinea Research Bulletin No. 49, p.139. 
TABLE 2.4 
NUMBER AND YEAR OF VISITS THROUGHOUT THE SURVEY PERIOD 
Year Period of survey Frequency of visits 
Number 
assigned 
to visits 
1 1969-69 3 (1-3) 
• 2 1969-70 2 (4-5) 
3 1970-71 2 (6-7) 
4 1971 1 (8) 
5 1972 1 (9) 
u> 
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no such knowledge, substitute recorders with knowledge of respondents' 
own language and with the required level of literacy in Pidgin were 
employed. They also had to be reliable and to have the confidence 
of the household. Most of these recorders were children from within the 
sample family, or relatives, who had some schooling. A few of them 
were friends of the household concerned. Despite difficulties with 
communication and the exacting nature of such data collection, inform-
ants proved a remarkably reliable and satisfactory source of data over 
the surveys; special attention was required from the fieldworkers to 
eliminate or minimise inconsistencies and errors through cross-checking 
(Shand, 1972). 
2.3.2 Survey procedures 
Prior to the actual survey, an exploratory investigation in the 
area was carried out by those involved in the survey to determine an 
appropriate feasible survey method and fieldwork technique. Following 
this, the survey technique decided upon was one based on a compromise 
between the compe'ting ideals of obtaining data which emphasised depth 
of detailed information from individual households and data which gave 
a wide coverage of households and a representative picture of the whole 
settlement. 
Initially, three visits a year were to be made to selected house-
holds over the 4-year period of 1968 to 1971. However, by the end of 
the survey period only nine visits were recorded instead of the 
expected twelve visits. The breakdown of the visits is shown in 
Table 2.4. 
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During each visit, data was recorded on a daily basis for each 
household, seven days a week over four weeks. Thus, with three visits 
in the first year, data was collected for 25 per cent of that year. 
This represented a large sample proportion on a time basis. Data 
sheets were developed and tested in the field and finalised after 
tests showed their workability. Each evening, the recorder registered 
that day's activities. Each day's sheets were checked in the field 
and any apparent anomalies were subsequently discussed with the 
recorder and informant involved. After each visit, data were again 
checked, then processed for computer recording and analysis. 
In this survey, six major categories of activities were distin-
guished. Three of these were economic, namely, subsistence, cash 
cropping (oil palm) and 'other economic'. The other three: household, 
leisure and miscellaneous, were 'non-economic' categories. Household 
data were recorded on the basis of a 13-hour day and included each 
member of the family - husband, wife and children. Work on the 
household's own block and help given to others were recorded separately 
while outside assistance given by relatives or friends not living on 
the block of the household was also included to obtain a total work 
picture of the informant's household and for the block. Although 
labour input data were classified according to visits in the first 
instance, they were converted to an annual (average) basis for 
analysis. In calculating these annual averages for each household, 
equal weight was given to each visit. 
2.3.3 Limitations of survey 
Although several potential advantages have been given above of 
sample surveys, one disadvantage remains significant. A survey based 
on sampling, especially with simple random sampling, more often than 
40 
not lacks representativeness when this is in fact required of all 
research work. 
Similarly, with this survey, several problems related to accuracy 
were encountered and should be discussed in this section. 
The main problem faced was the lack of direct communication 
between sample households and recorders due to the low literacy level 
on the part of the former. Although the substitute recorders appointed 
were reliable and satisfactory, total reliability in data collection 
was impossible. 
Secondly, there was discontinuity in the informant/recorder 
relationship. Although in the selection of sample households efforts 
were made to ensure that the informant and recorder would continue 
to co-operate, some of the informants still dropped out of the sample 
even before the first year of the survey was over. 
Finally, another problem faced by the recorder which requires 
mentioning here is the constantly changing size of many family labour 
units among the sample household. For instance, during the first visit 
there may be only one male, 1 female and one child in the household. 
Then by the time the recorder comes again for the second visit, which 
may be within the same year, or the year after, the number of labour 
units may have changed to one male, three female and two children. 
Thus, account had to be taken in data collection of any changes in 
household composition in each visit. 
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CHAPTER 3 
THE THEORY AND STUDY OF ECONOMIC TRANSITION FROM 
SUBSISTENCE TO COMI-IERCIALISATION AND SPECIALISATION 
In recent years, various models have been developed by several 
economists on the transition of primitive economies from pure sub-
sistence to trade and specialisation . These models have been and are 
s t i l l going through a process of modification as new studies are being 
made. In this chapter the writer attempts to give an overall review 
of the development of such models over the past decade or so. 
3 . 1 Identif ication of the Stages in the Transitional Process 
Prior to the discussion of the various models, an arbitrary 
identif ication w i l l be made of the various stages of a developing 
rural economy. Fisk identified four main stages based on the degree of 
market participation by the economy and these can be roughly described 
as : 
I . Pure sybsistenoe in isolation. 
At this i n i t i a l stage, the economic units such as the 
villages or the tribes are self-sufficient , producing 
only what they require for their own consumption and 
having l i tt le or no systematic exchange relationships 
amongst themselves and with the monetised sector. Thus 
there is no specialisation , no trade and no division of 
labour outside the group. 
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II. Subsistence with supplementary cash production. 
At this stage although the necessities of life are 
still being produced by the consuming group, supple-
mentary production is carried out as an additional 
source of income to be used to buy market goods and 
services which cannot be obtained directly from the 
group's own resources. 
III. Cash orientation with sypplementary subsistence. 
As the subsistence economy becomes more in contact 
with the monetised sector a major part of the pro-
ducer's effort is directed towards the market and 
earning a money income. Despite such orientation 
however a substantial part of his basic necessities 
would still be produced by the producer himself 
because it is cheaper to do so. 
IV. Complete speoialisation for the market. 
At this stage, specialisation for the market and 
division of labour are predominant. The producer 
may not produce anything for his consumption^ and 
is thus totally dependent on the market for all 
his necessities. This state, however, rarely 
exists in practice because even in the most 
developed economy some of the family's necessities 
are produced internally within the family group. 
In reality, the above four stages cannot be easily distinguished. 
In fact, the possible stages of the transitional process that could be 
1. Specialised paddy farmers, for example, obviously do. 
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defined are so many that they represent an almost continuous range of 
degrees of market participation. 
3.2 Review of Models of Economic Transition 
One of the earliest models of economic transition was developed by 
Fisk. His models represented an attempt at an explanation of the 
principles of self-subsistent non-monetary production in Papua New 
Guinea and the response of such economy to the opportunities brought 
about as a result of contacts with the modern exchange economy. 
The model dealt initially with a pure subsistence economic unit 
in isolation and how this unit later responded to contacts with the 
monetised sector. Factors determining the level of production within 
such a unit were also examined. To summarise, the Fisk model can be 
said to describe the transitional process of the economy from stage I 
to stage II. 
Before presenting the brief characteristics of the model itself, 
several assumptions made by Fisk need to be discussed. The first 
assumption is that the unit produces only one output, namely food. 
Secondly, the quantity of land available for cultivation by the 
subsistence unit is assumed to be fixed. Variations, however, exist 
in the quality of such land so that even when not all the land is in 
cultivation additions of labour will result in diminishing returns to 
output. Thirdly, technology and capital are constant and given, and 
labour is the only variable input. Given these conditions, output is 
thus determined wholly by the size of the labour input and the amount 
produced can be known if knowledge of the labour input to be utilised 
is available. Another assumption related to labour availability is that 
it is determined by the size of population given a constant age and sex 
structure. 
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In its simplest form the model, after incorporating al l the 
assumptions, can be represented diagrammatically as in Figure 3 . 1 
where the vertical axis represents output for the unit and the hori-
zontal axis represents labour as the single variable input determining 
the level of production. OT shows the physical relationship between 
the various levels of labour input and food output for the land avail-
able. 
A certain quantity of labour input that could be sustained by the 
subsistence unit if the incentive to work full time were present is 
potentially available and shown by OL in Figure 3 . 1 . This availability 
is only limited by one factor namely the food output. An upper and 
lower ceiling above and below which food output no longer has any 
effect on the supply of labour however exists and this is shown in 
Figure 3 . 1 as points N and E respectively. Below E potential supply of 
labour is n i l while above it labour wil l increase as food consumption or 
nutritional levels increase to maintain full physical activity and 
continue to increase as long as the increase in food output does not 
exceed N. When food reaches the point N, the increase in labour 
supply stops because above N social and customary factors (such as the 
amount of desirable leisure) and non-nutritional factors determine 
future labour supply. Thus NFS represents the maximum potential supply 
of labour available under the social and demographic conditions assumed 
to exist in this model. 
The demand for food is assumed in this model to be fixed at a 
ceiling which coincides with the level of food consumption 25 per cent 
above that required to maintain the population ' i n physical condition 
to provide their fu l l potential supply of labour' (Fisk", 1962) . 
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FIGURE 3.1 
LABOUR UTILISATION MODEL IN A PURE SUBSISTENCE UNIT 
OUTPUT 
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Actual production level (A in Figure 3.1) is determined by this demand 
ceiling (D-D') instead of the maximum potential availability of labour 
in the unit and is actually lower than the 'capacity production' (S in 
Figure 3.1) level of the economy. This 'capacity production' level is 
only reached if the maximum potential labour supply is employed. Since 
production is below this level a potential surplus of labour not 
required for producing food above D-D' exists in the subsistence 
economy. This surplus represented by P-A in Figure 3.1 can be converted 
to additional agricultural surplus shown as P-S in the diagram if given 
the necessary incentives to produce it. 
A variation of this basic model can also be represented as in 
Figure 3.2 where an attempt is further made to determine the level of 
monetary production that can be achieved by using the surplus labour 
without curtailing the non monetary production within the unit and to 
observe how supplementary cash production varies between production 
units with different levels of population pressures. 
In Figure 3.2 the vertical axis represents subsistence output 
while the horizontal axis represents the labour input that goes into the 
production process. Labour availability (Lp) is determined by size of 
population (N). Thus Lp is a function of N although the nature of this 
function is further determined by the age-sex structure and by certain 
acceptable social values and institutions within the unit. To simplify 
matters, age-sex structure and social "value and institutions within the 
unit are assumed to be constant in this model and potential supply of 
labour is thus a constant function of population size i.e., Lp = f(N) 
where f is a constant. 
FIGURE 3.2' 
FISK MODEL OF EVOLUTION OF THE ECONOMY 
FROM STAGE I TO STAGE II 
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S = tlaximum output accessible to the unit. 
G = Minimum output required to sustain labour force at each 
given population level. 
D = Demand ceiling at each given population level. 
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With the given assumptions, labour input cannot exceed Lp but can 
be lower than Lp. In Figure 3.2 different points representing the 
potential supply of labour at different levels of total production are 
shown on the horizontal axis as Lp^, Lp^ and Lp^. Corresponding to 
each of these points are S^, S^ and S^ on the vertical axis each 
representing the respective potential maximum production of the unit. 
The unit, however, need not actually produce at each potential maximum 
level but can in fact choose to produce at any level between a lower 
limit (G) for each population below which production is insufficient 
to sustain the production power of the labour force and an upper limit 
(D) where the unit will find its production just satisfies its own 
requirements and above which the satisfaction that can be achieved by 
the input of more labour falls off sharply per hour of work done while 
the dissatisfaction obtained from doing the work increases. 
The line OG representing the minimum standard requirement of basic 
staples for each level of population can be drawn as a radial from 0 
because G is always a constant and G = g(N) under the assumptions of 
the model. Similarly, the level of production necessary to reach the 
demand ceiling of the unit will also be a constant function of popu-
lation size given that the assumptions of constancy of physical and 
social characteristics in the population and sex-age ratio holds. Thus 
this demand ceiling can also be represented as a radial OD in Figure 
3.2. 
As mentioned earlier, this model can also be used to see the effect 
of different levels of population pressure on the land resources and to 
indicate the different amount of labour that can be used for monetary 
activity at the different population levels without reducing the labour 
supply necessary to maintain the same amount of non monetary activities 
in the unit. For example, at the population level corresponding to the 
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potential supply of labour Lp^ the maximum output that can be produced 
by tlie unit is OS^ '^. However, under the given assumptions, the unit may 
only produce up to OD^' of output using only OA^ of labour input. A 
substantial amount of labour represented by A^Lp^ in Figure 3.2 thus 
remains unused and concealed within the subsistence sector. If given 
the necessary incentives, this labour according to Fisk, could be used 
to produce an agricultural surplus of Ej^ S^^  without reducing the supply 
of goods and services necessary for the subsistence needs of the unit. 
The amount of surplus labour available for production of agricul-
tural surplus is not however unlimited. For instance, although it is 
substantial in amount at a level of population corresponding to Lp^, the 
availability is greatly reduced as the population increases further. In 
fact, if population increases to a level corresponding to Lp^ the actual 
production level coincides with the potential maximum output, unused 
labour is nil and although output is still above the minimum output 
level required to sustain the labour force (Lp^) it is now well below 
the demand ceiling (D^) . At a population level above that corresponding 
to Lp^ production would be even below the minimum output requirement, 
starvation sets in and the malthusian control operates to return popu-
lation level fo Lp,. 4 
The model just elaborated was developed by Fisk to describe the 
subsistence sector of economies such as Papua New Guinea where the 
situation of the self-subsistent production unit is similar or even 
better than that depicted by Lp^ in Figure 3.2. Land resources within 
the country are still in abundance generally, labour productivity is 
positive and very high, and a state of subsistence affluence exists. 
Just as the Fisk model was developed to a large degree out of a 
study of Papua New Guinea's economy, another similar model of economic 
transition was developed by G.K. Helleiner out of his study of economic 
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development in Nigeria. According to him, the classification of under-
developed economies can be generally based upon, among other things, 
its relative factor endowments - in particular those of labour and land. 
If there is extreme population pressure on limited land and disguised 
unemployment exists in agriculture the economy can be categorised as 
being 'labour surplus'. On the other hand, a 'land surplus economy' 
exists if there is abundant land in most parts of the economy, high 
marginal productivity of labour and unemployment are present not as a 
result of the inability to raise material output with further increases 
in labour inputs but basically as a result of a deficient demand for 
material output. The unemployed labour in the 'land surplus' economy 
thus remains so as a matter of conscious preference for leisure over 
additional material output, at prevailing prices and the existing level 
of technology. Not unlike Fisk, Helleiner further suggested the 
existence of a considerable agricultural surplus both of unutilised land 
and unutilised labour in such an economy and this could be further 
mobilised for the expansion of material output. 
This model is depicted diagramatically in Figure 3.3 which is 
rather similar to the one employed by Fisk. The diagram shows a con-
ventional total product curve and the physical output demanded, with the 
existing scale of preferences, by different quantities of labour in the 
traditional society. The horizontal axis represents the labour inputs, 
the vertical axis represents the output, 'OD represents the total 
product curve and OG shows the traditional levels of production of 
agricultural produce according to the different sizes of the labour 
force. Up until point E on the total product curve OD, land is in 
excess supply and an increase in labour input would still bring about 
an increase in output. Beyond F however, the law of diminishing 
FIGURE 3.3 
HELLEIHER MODEL OF ECONOMIC TRAI^SITION 
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marginal returns sets in and further additions to the labour input would 
yield no extra output and at all points to the left of the intersection 
of OD and OG a mobilizable surplus resulting from preferences such that 
demand is less than capacity exists. For example, if the available 
force is given by OJ, it will be content to consume only HJ although it 
is capable of producing JK. A surplus of HK thus exists in terms of 
potential output or LH in terms of labour since VL is all the labour 
which is needed to obtain an output of HJ. Marginal product of labour 
in this range is high but LIl of labour remains at leisure or unemployed. 
Besides demonstrating the availability of mobilizable surplus both 
of output and labour in a land surplus economy the Helleiner model went 
a step further to introduce the concept of subjective equilibrium point 
or the point where the farmer's utility is maximised and to consider the 
effect of introduction of external markets and price rises on farmers' 
work efforts and leisure preferences. In this respect, Helleiner con-
cluded that the substitution effect of the price increase operates so 
as to raise a farmer's labour input and the income effect operates so 
as to increase his demand for leisure and diminish his labour input. 
The total effect thus depends on whichever effect is stronger. However, 
in his article 'Smallholder Decision Making: Tropical African Evidence' 
Helleiner said that in the relevant African decision makers' trade-offs 
as between work and leisure, the substitution effects are dominated by 
the income effect and hence a price increase will lead to a fall in the 
farmer's labour input and an increase in his demand for leisure. 
The variety of supply decisions and trade-offs that are made by 
smallholders can be illustrated in Figure 3.4. Helleiner also suggested 
that a measure of risk and uncertainty, in addition to the relevant 
prices or rates of returns, must be introduced as explanatory variables 
at each decision point. In this sense, his model attempts to improve on 
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FIGURE 3.4 
A SMALLHOLDER'S SUPPLY DECISIONS 
AND TRADE-OFFS TREE 
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earlier models of smallholder decision making which failed to introduce 
or consider risk factors. 
Another model, which atterapts to cover more ground than Fisk tried 
to do, is that of Nakijima. Although the Fisk model succeeded in 
indicating the availability of a potential agricultural output and 
labour surplus in the subsistence economy, it was not able to show how 
much of the available labour will in fact be applied to cash earning 
activities nor how much such activities will earn. In other words, it 
provided no means of determining the point of subjective equilibrium 
for the former at some labour input between A, and Lp (see Figure 3.2). 
The technique of determining this equilibrium point was thus the most 
important contribution of Nakajima to the evolution of economic develop-
ment models. This contribution is even more significant to development 
policy formation in view of the fact that if economic development is to 
be achieved through enhancing farmers participation in the monetised 
economy, knowledge of how to expedite this process is necessary. 
Nakajima suggested that this point of subjective equilibrium is 
reached when family welfare is maximised or in other words when the 
marginal utility of the family income equals the marginal disutility of 
the family labour required to produce it. This model is almost similar 
in its operation to that of Fisk. However, it will not be discussed 
in detail because in the subsequent chapters of this thesis no 
further application of this model is made. 
At this juncture, all the three models that have been discussed 
describe (though not explicitly stated) the transition process of the 
economy from Stage I to Stage II or namely, from being a pure subsis-
tence economy to a semi-subsistence economy where supplementary cash 
crop production is carried out for money. However, this does not mean 
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that a model which des cribes the further transition of such economy 
into one with a predominant cash crop activity and a supplementary 
subsistence activity has not been developed. One such model was that 
of Shand and still another was that of Stent and Webb. 
The Shand model is an extension of the Fisk model and it attempts 
to analyse how production in the primitive unit can be further increased 
once full employment of its available resources had been reached. The 
factors examined by Shand included the development of specialisation and 
trade within the subsistence sector, the application of improved tech-
nology and the augmentation of available resources. This model is again 
based on examples from the rural sector of Papua New Guinea and most of 
the assumptions are similar to those employed by Fisk. However, several 
additional assumptions were made and they are as follows: 
1. The economic unit in the subsistence sector is the single 
household. 
2. Total supplies of land and labour for the rural sector as 
a whole are fixed. 
3. The household units in the subsistence sector can produce 
two commodities: one is a single composite of all sub-
sistence products denoted by S, the other is an export 
product which can only be marketed in the advanced sector, 
denoted by X, and that prices for S are determined 
internationally. 
4. Terms of trade such that the two sectors are sufficiently 
unfavourable to make the purchase of substitutes for S 
from the advanced sector unprofitable. 
The model is represented diagramatically in Figure 3.5 where for 
any unit 0 - qs is drawn to represent production of subsistence products 
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FIGURE 3 . 5 
THE SliAiND MODEL OF PRODUCTION IN THE PRIMITIVE ECONOMY 
WITH ADVANCED CONTACT AND WITH FULL EMPLOYMENT 
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and 0-qx represents production of export products. CBND is the 
production possibilities curve representing the various combinations of 
subsistence products and export product that can be produced by the 
unit at the existing level of technology. OC is the maximum subsistence 
production that can be reached by the unit given all the resources 
available to the unit are employed solely for subsistence production. 
On the other hand, OD is the maximum quantity of export production that 
it can reach if its resources are exclusively employed in this field. 
At N however, only OG of S and OK of X can be produced by the unit 
because its available resources are so distributed. Under the limit-
ations assumed neither S or X can be further produced beyond OG and OK 
respectively without reducing the production of the other. 
To illustrate the operation of the model within the context of the 
'land surplus' economy of Papua New Guinea it is now applied to a 
situation where subsistence production does not exhaust the unit's 
resources. In Figure 3.5 the internal demand of the unit for subsistence 
products, assumed to be constant, requires OA of S. Thus, although the 
unit could produce OC of S by devoting all its resources in this 
direction it would only produce up to OA to meet the internal demand 
because above OA the production of S does not add to the satisfaction of 
the unit. Furthermore, this surplus cannot be sold to the market since 
there is no trade in S with other units. The unit will therefore use 
its remaining resources to produce X for-sales to the advanced sector 
and hence improve its economic welfare. 
The indifference curves e to m illustrate this choice system. The 
lowest indifference curve on which the unit can be is at e where the 
unit produces OA of S. By producing supplementary X product the unit 
moves to a higher indifference curve which rises vertically from OA. 
58 
This is so because the unit does not gain satisfaction in consuming 
more than OA of S. The absence of trade in S and the unwillingness to 
reduce its consumption below OA imply that these indifference curves 
terminate at the level corresponding to point A and as the production 
of X is only limited to AB due to fixed resources the highest level of 
indifference curve to which the unit can move to is m . 
This model is therefore a step further than the earlier models 
discussed because it deals with a point on the Production Possibility 
curve (such as B) where one or more of the inputs initially available 
to the unit is already fully employed. Thus, although a surplus of 
resources over and above those required for subsistence was available 
and has been diverted to production for export a further increase in 
total production is barred by the scarcity of that factor. 
Special mention should be made of this model in terms of its 
contribution to future research in economic development. Citing 
Papua New Guinea's economy as an example, Shand proposed three major 
means by which production can be increased and income expanded in the 
unit where full employment of its resources has already been reached. 
These are: 
1. The adoption of technical innovation to either 
subsistence production or export production. 
2. Greater conmiodity specialisation by individual 
units within the subsistence .sector especially 
where self-sufficiency for each household unit, 
with the supplementary production of export crop, 
constitutes an inefficient allocation of 
resources. 
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3. The expansion of a unit's resource base 
either in the form of additions to the unit's 
supply of land and labour or in the form of 
investment of capital. 
The impact of the above three measures on the production pattern 
and income expansion within the economy was examined in detail by 
Shand in his model but the writer will not elaborate on them because 
such aspects are beyond the scope of the thesis. 
While the Shand model discussed the allocation of labour between 
cash production and subsistence production in terms of indifference 
curve trade-offs and the production possibility frontier the Stent and 
Webb model extended such approach to consider the subsistence affluence 
concept in terms of utility maximisation defined as the 'bliss point' 
within the production possibility frontier. By using theoretical 
models, the utility maximisation principles under single and multiple, 
traded and untraded products and the taxation effects on resource 
levels and output of the economic unit were discussed by these authors. 
In their analysis, an attempt was also made to identify a number of 
hybrid types of economic activity in the transition from subsistence 
to a market economy by citing examples drawn from the observations 
also of the Papua New Guinea economy. 
Like the Shand model. Stent and Webb utilised indifference curves 
in their analysis. However they were used only with modifications so 
that the significant features of the Papua New Guinean's economic 
behaviour are incorporated. One of these features concerns the 
traditional attitude of the people towards land. Within the traditional 
economy of Papua New Guinea no 'rental rate' for land exists because 
there is no market for the principal factors of production, or for the 
products of agriculture. Another feature considered by the authors in 
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the theoretical fraraework of their model is the fact that Papua New 
Guineans do not consider their gardening work to be sheer drudgery. 
As such, to assume that work is always a"source of disutility for the 
farmers would be misleading because up to a point it is even a source 
of pleasure. It is therefore reasonable to assume that there is a 
considerable range of working hours per day over which individuals 
would prefer the pleasures of working in their villages (Stent and 
Webb, 1975). 
The Shand model and the Stent and Webb theoretical framework of 
analysis were recently used in empirical studies made by Satish 
Chandra and A.J. De Boer on the Fijian Agricultural Economy. Based on 
results of an analysis of the cross-section of farm management data 
from Indian and Fijian smallholders they hypothesised that differences 
in resource productivities between the two groups were related to the 
differences in their utility function. To test this hypothesis, they 
developed a two-good model (subsistence and commercial crops), which 
was then applied to the utility analysis framework associated with the 
subsistence affluence concept. The model they chose to demonstrate 
the subsistence af fluence hypothesis v/as similar to that of Shand and 
of Stent and Webb. This is represented in Figure 3.6 to show how the 
point of maximum utility or 'bliss point' for each group is reached. 
Before describing Figure 3.6, however, it should be pointed out 
that these authors' analysis differs from-the other two by not treating 
labour or human time in the subsistence sector as a surplus commodity 
but more as a scarce commodity. This, in fact, was in line with Jones' 
(1969) criticism of the surplus labour theory of Fisk and Shand. 
According to Jones, the non-agricultural fraction of the labour present 
on the farms is always used up in essential social and cultural 
activities with its own connotations of value and returns to the 
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FIGURE 3.6 
A MODEL OF SUBSISTENCE AND CASH PRODUCTION 
BY CHAITORA AND DE BOER 
si 
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householder and thus surplus labour does not really exist. 
The model represented by Figure 3.6 assumed the farm household as 
the economic unit which can produce only'two commodities, namely S for 
subsistence and C for cash. In Figure 3.6, therefore, OL represents 
the labour input at which LA of S and LB of C could be produced. OA is 
the production curve for S and OB is the production curve for C. AB 
defines the production possibility frontier between S and C for a given 
input of labour L. LD is the internal demand for S which is assumed to 
be constant in the model and is defined by the line DH. LD could be 
produced by labour input less than OL. To simplify the analysis, two 
further assumptions were made. First, there is a satiable appetite for 
L, S and C . Second, it is assumed that the value of L at which 
production becomes positive is similar for both the subsistence and 
cash crops. Hence, this assumption, together with the assumption that 
OA and OB are curves which rise smoothly at a diminishing rate to 
maximum values ensures that the production possibility frontiers will 
have a regular concave-to-the-origin shape. The utility function is 
represented by a set of concentric utility surfaces about T which 
represents the maximum utility or 'bliss point' of the unit. In 
Figure 3.6, T is interior to the production possibility frontier and 
it indicates a consumption of LD or OF units of S and producing and 
selling LK or OG units of C. However, T may be located either within, 
on, or outside the production possibi-lity surface. If T lies on or 
within the production possibility surface, the unit will be affluent. 
If T lies outside the production possibility surface, the achievement 
of bliss is not possible but the unit can only reach a constrained 
maximum level of utility. 
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3.3 The Relevance of Models to the Current Study 
2 
With the exception of two, all the models of economic transition 
reviewed in this chapter have been developed principally out of studies 
made on Papua New Guinea's economy. 
In the current study. Cape Hoskins is recognised as one of the 
first and probably the most important government inspired effort in 
Papua New Guinea that effectively shifts a favoured few into the 'third 
phase' of having production predominantly for the market. The Fisk 
framework of subsistence affluence model will be referred to as the 
XvTiter examines what happens to labour allocation within the household 
unit and their ability to handle the new features and needs of the new 
production pattern. It should also be noted that the production of oil 
palm as a predominantly cash crop is a test of labour availability of 
each participating household and of their motivation for cash cropping. 
It is also worth mentioning here that the Shand, Stent and Webb, 
and the Chandra models are of great relevance if the 'bliss point' or 
maximum utility point of the settlers is to be determined and the 
variations in such points among the three groups in the sample are to 
be investigated and tested. However, the data gathered are insufficient 
for such purposes. Thus the result of this study would not be conclusive 
in itself but it is hoped to be able to pave the way for further 
research into the development of the theory of subsistence affluence and 
of economic transition from subsistence to a market orientation and 
specialised production in the near future. 
2. These two exceptions are: 
(a) The Helleiner model which was based on the Nigerian economy, 
and 
(b) The Chandra-Boer model which was based on the Fijian economy. 
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At this stage, however, this study will only attempt to relate 
the actual labour inputs of the Hoskins Oil Palm Scheme settlers to 
their output levels and from it infer whether the 'bliss point' model 
of Stent and Webb and its implication that low hours of work and hence 
low yields are synonymous to labour/leisure allocation lying on points 
interior to the production possibility frontier also applies to the 
settlers on this scheme. The following two chapters thus examine the 
actual manhours per settler in each of the subsistence and cash cropping 
activity and the actual average yields per settler over a 5-year period 
and establish whether they are actually as low as one would expect if 
the Stent and Webb model applies. An attempt will also be made at 
determining the causal relationship between labour inputs and yields of 
oil palm through the establishment of the production function and the 
efficiency factors of settlers. 
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CHAPTER 4 
PATTERNS OF lABOUR AVAILABILITY AND UTILIZATION 
4.1 Introduction 
One of the objectives of this study is to provide information as 
to how an average settler in the Hoskins Land Settlement Scheme allo-
cates his labour time among the various economic and non-economic 
activities on and outside his holding. In this section therefore an 
attempt was made to examine and compare the activity patterns for: 
(i) an average sample household, 
(ii) the three ethnic groups, and 
(iii) the three family size groups in the scheme. 
Analysis of variance with appropriate F-tests and t-tests were 
used to test for the variations in labour inputs among these groups. 
In addition, the labour availability assumptions under which the 
scheme was implemented were also tested for its validity. 
The observations on daily labour allocation by the household among 
the various activities on and outside the block were made according to 
two phases, namely: 
I - the Development Phase. 
II - the Production Phase. 
The average of the observations collected from visit one to visit seven 
or for the first three years provided information for the development 
phase, while the average of the observations for visit eight and nine 
indicate the labour allocation pattern during the production phase. 
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4.2 Assumption of Labour Availability 
It will be recalled from Chapter 2 that in formulating the block 
development model for the scheme the Project Planning Team assumed that 
there were 1.5 units of labour per household. The 0.5 unit is the con-
tribution of the wife in each family in economic activities while the 
rest is that of the husband. No contribution was assumed for children. 
Assuming that there are 5% working days a week or a total of 275 working 
days per year they concluded that 410 man days or 2870 man hours Jabour 
time is available to each household per year. Further, the project 
assumed that 280 man hours per acre are required for clearing, burning 
and preparation of the holding up to planting of the palms in the field, 
175 man hours for maintenance and pest control in the development phase. 
Finally, a total of 560 man hours per acre was assumed to be the labour 
requirement by each oil palm holding from the first up to the ninth 
year of the project as shown in Table 4.1.^ 
In this section of the study therefore the actual labour input of 
an average settler per day was examined and compared with the assumptions 
made regarding requirements. In the next stage, daily labour inputs in 
oil palm and subsistence gardening of settlers of different ethnic 
groups and family sizes were compared with the assumptions of the project. 
4.3 Testing for Validity of the Assumptions 
As stated earlier, to test the project's assumptions, observations 
were made on the actual labour input in each of the activities in the 
block, particularly in subsistence, cash cropping (oil palm) and house-
hold activities and compared with the maximum labour available and the 
1. Based on a maximum of a 7-hour working day. 
TABLE 4 . 1 
LABOUR REQUIREMENT ASSUMPTIONS OF THE PROJECT 
(man days per year) 
Operation 
Year and Man Days Labour 
Requirement 
per Acre 1 2 3 4 5 6 7 8 9 
Oil Palm 
Clearing, burning and 140 120 100 40 40 40 40 AD 
site preparation (3 .5 ) (3 .0 ) ( 2 .5 ) (1 .0 ) ( 1 .0 ) ( 1 . 0 ) ( 1 . 0 ) 
'4U 
Lining, holing and 
planting 
75 
(3 .0 ) 
75 
(3 .0 ) 
50 
(2 .0 ) 
- - - - - - 25 
Maintenance and 39 78 104 104 104 104 104 104 104 T O 
prest control (3 .0 ) (6 .0 ) (8 .0 ) (8 .0 ) (8 .0 ) ( 8 .0 ) ( 8 . 0 ) ( 8 . 0 ) ( 8 . 0 ) 
13 
Harvesting - - - 18 54 90 111 127 152 6, 9, 1 1 . 25 , 
(3 .0 ) ( 8 .0 ) ( 8 .0 ) ( 8 . 0 ) ( 8 . 0 ) ( 8 . 0 ) 13. 88, 15 .88 , 
19 A 
Subsistence gardening 40 40 80 80 80 80 80 80 - o r\ 
(0 .5 ) ( 0 .5 ) ( 1 .0 ) (1 .0 ) ( 1 .0 ) ( 1 . 0 ) ( 1 . 0 ) ( 1 . 0 ) 
80 
Total requirement 294 313 334 242 278 314 335 311 256 164 , 167, 
169 -25 
Surplus labour available 116 97 76 168 132 95 75 99 154 
* For years 4 to 9 respectively 
ON 
Note: Figures in parentheses are acreages. 
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labour requirement per holding for the first five years of the scheme 
to see how much of the household labour was actually used for the 
different activities and how much was left for leisure. This obser-
vation on daily labour input was first made according to activities. 
The contribution of the different categories of labour - male, female, 
child and outside - was examined next. 
4.3.1 Labour allocation among activities 
Six major categories of activities were distinguished in the survey, 
three of them economic: subsistence, cash cropping (oil palm) and other 
economic; and three non-economic; household, leisure and miscellaneous. 
These six activities can be further divided into several sub-categories 
to indicate the amount of labour input in different types of work 
within each main activity. The subsistence and the oil palm activities 
both include land preparation, planting, maintenance, harvesting and 
other work. Household activities and leisure were analysed separately 
in this study because recent budget findings have established that 
'work-at-home' is affected differently by changes in socioeconomic 
variables than 'leisure' and hence they should not be aggregated 
(Gronou, 1976). 
The average daily labour input per household among the various 
activities throughout the 5-year period are shown in Table 4.2, while 
the means of this labour, according to^the two phases, are represented 
in Table 4.3. 
In the development phase - 1968 to 1970 - daily family labour in 
economic activity ranged from 9.17 to 11.61 hours. Out of this, 
between 44 to 51 per cent was devoted to oil palm, 34 to 35 per cent to 
subsistence gardening, with the rest to 'other' economic activities. 
TABLE 4 . 2 
TOTAL HOUSEHOLD LABOUR TIME ALLOCATION AMONG ACTIVITIES IN THE BLOCK 
(hours per day) 
Year 
Daily family labour in 
economic activity 
Daily family labour in 
non-economic activity 
Total a c t i v i t i e s 
S C 0 T HH L M T Family 
Out-
side 
Total 
1968 3 . 2 4 4 . 7 0 0 . 1 3 9 . 1 7 5 . 2 3 1 2 . 1 5 4 . 0 4 2 1 . 4 2 3 0 . 5 9 2 . 0 4 3 2 . 6 3 
C35) C51) ( 1 4 ) ( 1 0 0 ) ( 2 4 ) ( 5 7 ) ( 1 9 ) ( 1 0 0 ) ( 4 4 ) ( 6 ) ( 1 0 0 ) 
1 9 6 9 3 . 9 0 4 . 9 6 2 . 5 1 1 . 3 6 6 . 2 8 1 6 . 2 6 3 . 7 4 2 6 . 2 8 3 7 . 6 4 1 . 8 9 3 9 . 5 3 
( 3 4 ) ( 4 4 ) ( 2 2 ) ( 1 0 0 ) ( 2 4 ) ( 6 2 ) ( 1 4 ) ( 1 0 0 ) ( 9 5 ) ( 5 ) ( 1 0 0 ) 
1 9 7 0 4 . 0 9 5-. 51 2 . 0 1 1 1 . 6 1 6 . 0 9 1 8 . 6 8 3 . 9 3 2 8 . 7 0 4 0 . 3 1 1 . 5 5 • 4 1 . 8 6 
( 3 5 ) ( 4 7 ) ( 1 8 ) ( 1 0 0 ) ( 2 1 ) ( 6 5 ) ( 1 4 ) ( 1 0 0 ) ( 9 6 ) ( 4 ) ( 1 0 0 ) 
1 9 7 1 3 . 2 4 7 . 0 2 2 . 5 2 1 2 . 7 8 5 . 4 1 1 8 . 9 2 2 . 0 4 2 6 . 3 7 3 9 . 1 5 3 . 5 0 4 2 . 6 5 
( 2 5 ) ( 5 5 ) ( 2 0 ) ( 1 0 0 ) ( 2 1 ) ( 7 2 ) ( 7 ) ( 1 0 0 ) ( 9 2 ) ( 8 ) ( 1 0 0 ) 
1 9 7 2 4 . 5 6 6 . 8 9 0 . 6 8 1 2 . 1 3 5 . 6 3 1 8 . 9 9 1 . 6 0 2 6 . 2 2 3 8 . 3 5 2 . 4 1 4 0 . 7 6 
( 3 8 ) ( 5 7 ) ( 5 ) ( 1 0 0 ) ( 2 1 ) ( 7 2 ) ( 7 ) ( 1 0 0 ) ( 9 4 ) ( 6 ) ( 1 0 0 ) 
Note: Figures in parentheses are percentages 
S = Subsistence 
C = Cash crop 
0 = Others 
HH = Household activit ies 
L = Leisure 
M = Miscellaneous 
T = Total 
a^  
VD 
TABLE 4 . 3 
MEAN LABOUR INPUT OF A HOUSEHOLD BY ACTIVITIES IN THE DEVELOPMENT AND PRODUCTION PHASES 
(hours per day) 
Phase 
Daily family labour in 
economic activity 
0 
Daily family labour in 
non-economic activity 
Total act ivit ies 
HH M Family 
Out-
side 
Total 
Development' 3 . 74 
(36) 
5 . 0 6 
(49) 
1 .55 
(15) 
10 .35 
(100) 
5 . 8 7 
(23) 
15 .7 
(62) 
3 . 9 
(15) 
2 5 . 4 7 
(100) 
36 . 18 
(95) 
1 . 8 3 
(5) 
3 8 . 0 1 
(100) 
Production 3 . 9 
(31) 
6 . 96 
(56) 
1.60 
(13) 
12 .46 
(100) 
5 . 52 
(21) 
18 .96 
(72) 
1 .82 
(7) 
2 6 . 3 
(100) 
38 . 75 
(93) 
2 . 9 6 
(7) 
4 1 . 7 1 
(100) 
Note: Figures in parentheses are percentages. 
a. Figures calculated as the average of the first three years data. 
b . Figures calculated as the average of data from the last two years of the survey, 
S = Subsistence 
C = Cash crop 
0 = Others 
HH = Household activit ies 
L = Leisure 
M = Miscellaneous 
T = Total 
o 
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On the whole, labour in total economic activity formed about 30 per 
cent of family labour in total household activity. Daily labour inputs 
in household activities were highest in the development phase and 
accounted for about 21 to 24 per cent of total daily family labour in 
non-economic activity. An increase in the proportion of family labour 
engaged in economic activity and a fall in time spent in household 
activities was generally seen in the production phase. Percentage of 
time spent on total economic activities increased to 31 per cent of 
total family labour in all household activities while that in household 
work fell to about 14 to 20 per cent of family labour engaged in non-
economic activity. 
In terms of the subactivities within the economic activity. 
Table 4.3 indicated that the daily labour input in cash cropping in the 
development phase was 5.06 hours or 49 per cent of labour in total 
economic activity while that in subsistence was 3.74 hours or 36 per 
cent only. When compared with the labour requirement assumption of the 
project, the labour input in oil palm was found to be lower than the 
6.47^hours per day assumed to be required to manage the eight acres of 
oil palm. Percentagewise, only 80 per cent of the cash labour require-
ment assumption was actually put in by the settlers in their holdings 
daily. In contrast, over the same phase, the households seemed to have 
2 
contributed more labour than the 2.04 a day requirement of subsistence 
gardening assumed by the project. 
2. Based on Table 4.1, these figures were calculated by dividing the 
yearly labour requirement by the total yearly number of working days 
assumed and multiplying it by the hours worked per day assumed. Thus 
from Table 4.1: 
Cash labour . (7) = 6.47 
80 Subsistence labour . (7) . = 2.04 
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Over the production phase, the labour input in subsistence 
activity increased in terms of physical hours worked but percentagewise 
it fell by about 5 per cent as the proportion of family labour in the 
oil palm activity increased by 7 per cent. 
If w e look at the actual labour input in subsistence according to 
the individual years h o w e v e r , the input in year 5 seemed to be the 
highest in the survey period. One implication is that the settlers 
might have put in more labour to clear their gardens for the planting 
of new food crops. Labour input in oil palm over the same period 
showed an increase of 1.78 hours per day or 34 per cent higher than 
that in the development phase, contrary to the assumption that a lower 
5.04 hours was required for oil palm. This increase was most likely 
due to the new harvesting activity in oil palm which started in 1971/72 
or when the trees were four years old (see Table 4.5). 
At 18.44 hours a day, the mean leisure hours of the average 
household in the production phase was higher than the 15.86 hours of 
the development phase. With increased work loads in oil palm in the 
production phase due to the new harvesting activity, a lower average 
leisure hour figure should have resulted per household. The increase 
in household daily leisure hours could therefore mean that the increase 
in labour inputs in the oil palm activity was being contributed by 
labour other than those of the family labour, namely outside labour. 
Table 4.4 confirmed this suggestion. 
As indicated earlier, the daily contribution of outside assistance 
to oil palm activity ranged from 18 to 27.5 per cent of total daily 
labour input in the development phase and increased to as high as 31 per 
cent in the production phase. In year 4 of the scheme, outside assis-
tance was the highest received and 69 per cent of it was in harvesting 
a c t i v i t y . The total outside labour received in harvesting for the 5-year 
TABLE 4.4 
OUTSIDE LABOUR CONTRIBUTION TO THE OIL PALM HOLDING PER DAY 
Activity 
Y E A R 
1 2 3 4 5 
Land preparation 1.46 
(31.6) 
0.62 
(21) 
0.40 
(16) 
0.27 
(14) 
0.48 
(26) 
Planting 0.07 
(19) 
0.78 
(64) 
0.01 
(14) 
- 0.01 
(33) 
Maintenance 0.23 
(17) 
0.26 
(11) 
0.76 
(19) 
0.69 
(17) 
0.56 
(14) 
Harvesting - - - 2.16 
(52) 
0.76 
Others 0.12 
(92.0) 
- 0.03 
(14) 
- -
Total cash 1.78 
(27.5) 
1.66 
(25) 
1.20 
(18) 
3.12 
(31) 
1. 81 
(28) 
Note: Figures in 
activity. 
parentheses are percentages of the outside labour to total labour in that 
UJ 
TABLE 4.5 
BREAKDOWN OF TOTAL DAILY LABOUR IN SUBSISTENCE AND OIL PALM ACTIVITIES 
Y E A R 
Activity 
iK-^ nd preparation 0. ,94 (0. .94) 0. .91 (0. .91) 0. 96 (0. .96) 0, .48 (0. 48) 0, .78 (0, .78) 
Planting 0, .96 (0. .96) 0. .98 (0. ,98) 0. 89 (0. ,89) 0. .60 (0. 60) 1. .13 (1. .13) 
Maintenance 0. ,59 (0. .59) 0. ,88 (0. ,88) 0. 83 (0, .83) 0. ,61 (0. 61) 1. , 13 (1. .13) 
Harvesting 0. ,93 (0. .65) 1. ,32 (1. .05) 1. 65 (1. .30) 1. .72 (1. 49) 1. ,91 (1. ,32) 
Others 0. .08 (0. .08) 0. ,07 (0. .07) 0. 11 (0, .11) 0, .09 (0. 09) 0. ,21 
TOTAL SUBSISTENCE 3. ,50 (3. ,24) 4. ,17 (3. ,90) 4. 43 (4. .08) 3. ,50 (3. 20) 5. , 15 (4. ,56) 
Land preparation 4. .62 (3. .16) 2, ,94 (2. ,32) 2. 44 (2. ,04) 1. ,91 (1. 64) 1. ,88 (1. 4) 
Planting 0. .36 (0, .29) 1, .22 (0. .78) 0. 07 (0. ,04) 0. ,01 (0. 01) 0. ,05 (0. 05) 
Maintenance 1. .37 (1. .14) 2. ,36 (2. ,10) 3. 95 (3. .19) 4, ,16 (3. 47) 3. 91 (3. 35) 
Harvesting - - - 4. ,01 (1. 85) 2. 68 (1. 92) 
Others 0. .13 (0. .11) 0. .06 (0, .04) 0. 22 (0. .19) 0. ,03 (0. 03) 0. 17 (0. 17) 
TOTAL OIL PALM 6. .48 (A. .70) 6. ,57 (4. .97) 6. 68 (5. .51) 10, .13 (7. 02) 8. 70 (6. 89) 
Note: Figures in parenthesis are labour contribution of family labour alone (excluding 
outside assistance) . 
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period ranged from 14 to 52 per cent of total daily labour input in 
this activity per holding per year. 
Outside lab our was obtained by the household through a system of 
mutual exchange of labour. As such, one would expect the amount of 
labour given by a household to others to be as much as it received. 
However, survey data on labour inputs given by a household to others 
indicates a much lower level (between 22 and 26 per cent) than that 
received per household over the 5-year period (Table 4.9). 
Based on the high percentage of contribution of outside labour to 
harvesting it can be concluded that outside assistance received during 
the harvesting phase enabled the household to cope with the labour 
requirement while at the same time the lower amount of labour con-
tributed by a household to others enabled a settler family to have 
higher mean leisure hours (see Table 4.3). 
Table 4.5 provided a breakdown of the total daily labour inputs 
in subsistence and oil palm activities on the block into the various 
sub-activities over each of the five years concerned. As indicated, 
the land preparation and planting within the subsistence garden took 
up most of the family labour input in subsistence gardening in the 
development phase (45 to 59 per cent of total in subsistence) and 
again in the second year of the development phase (42 per cent). In 
the production phase, harvesting took up a larger position of the 
household's time (29 to 47 per cent) in the subsistence activity. 
Total daily labour input in subsistence activity, at between 26 to 40 
per cent of labour input in total economic activity, was on the whole 
less than that contributed to oil palm activity. 
As far as cash cropping activity is concerned, total daily family 
labour input showed an increasing trend over the first four years and 
fell again in year 5. The establishment-and maintenance activities 
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took up most of the family time spent in oil palm - 95 to 97 per cent -
in the development phase. In the production phase, however, labour 
input in the maintenance activities decreased to about 70 to 72 per 
cent of total family labour in oil palm, but harvesting began taking a 
more significant portion of the total daily family labour. About 
26 and 28 per cent of it was taken up by this new activity in years 
four and five respectively. If we look at total daily labour (family 
plus outside) input in harvesting, however, the percentage of labour 
engaged in this activity was even higher at 40 per cent in year four 
but then fell to only 30.8 per cent in year five. One can deduce 
from this decrease in harvesting labour that a decrease in output of 
fresh fruits could have been experienced in the second year of the 
production phase or experience during the first year meant that farmers 
were able to handle a given or increased output with fewer hours of 
work. 
In conclusion, one can say that the average total level of 
involvement of the household in its own economic interest ranged from 
9.2 hours a day in the first year of the survey and increasing yearly 
to about 12 hours a day when harvesting of palm fruits began. 
To justify the assumptions on labour availability and labour 
utilisation made by the project, the observations that have just been 
made about total labour input on the block in general, and by 
family labour in particular, were compared with those assumed and 
summarised in Table 4.6. 
As stated earlier, the project assumed that a total of 410 man days 
or 2870 man hours of labour time was available for economic activities 
per settler household. Given 275 working days each year the daily 
labour availability is 10.5 hours, or 7 hours for 1.5 workers. 
TABLE 4.6 
ACTUAL DAILY LABOUR INPUTS ON THE BLOCK COMPARED TO PROJECT'S ASSU>IPTIONS 
Year l' Year 2 Year 3 Year 4' Year 5' 
tv^  U X V X L. y 
HH Out-side 
On 
block HH 
Out-
side 
On 
block HH 
Out-
side 
On 
block HH 
Out-
side 
On 
block HH 
Out-
side 
On 
block 
Land preparation 3. 16 1. ,46 4. ,62 2. ,32 0.62 2. 94 2.04 0.4 2,44 1 .64 0.27 1.91 1. 40 0.48 1.88 
(3. 56) (3. ,56) (3. ,05) (3. 05) (2.55) (2.55) (1 .02) (1.02) (1. 02) (1.02) 
Planting 0. 29 0, .07 0, .36 0, .78 0.44 1. 22 0.04 0.03 0.07 0 .01 — 0.01 0. 05 0.01 0.66 
(1. 91) (1. .91) (1. .91) (1. 91) (1.27) (1.27) (0) (0) (0) (0) 
Maintenance 1. 14 0 .23 1, .37 2. .10 0.26 2. 36 3.19 0.76 3.95 3 .47 0.69 4.16 3. 35 0.56 3.91 
(0. ,99) (0 .99) (1. .99) (1. 99) (2.65) (2.65) (2 .65) (2.65) (2. 65) (2.65) 
Harvesting 
Others 
TOTAL CASH 
TOTAL SUBSISTENCE 
ECONOMIC TOTAL 
LEISURE SURPLUS 
ASSLTIED 
0.11 
4.70 
(6.46) 
3.24 
(1.02) 
9.18 
(7.48) 
0.02 
1.70 
4.26 
0.13 
6.48 
(6.46) 
3.50 
(1.02) 
2.04 11.22 
(12.15) 
12.15 
(2.95) 
0.04 0.02 0.06 
4.97 1.60 6.57 
(6.95) (6.95) 
3.90 0.27 4.17 
(1.02) (1.02) 
11.36 1.88 13.24 
(7.97) (7.97) 
16.26 
(2.47) 
0.19 0.03 0.22 
5.46 1.22 6.68 
(6.46) (6.46) 
4.08 0.35 4.43 
(2.04) (2.04) 
11.61 1.54 13.15 
(8.5) (8.5) 
18.68 
(1.93) 
1.85 
(0.46) 
0.03 
7.02 
(4.12) 
3.24 
(2.04) 
12.78 
(6.16) 
2.16 
3.12 
0.23 
3.35 
19.05 
(4.28) 
4.01 
(0.46) 
0.03 
10.13 
(4.12) 
3.47 
(2.04) 
16.13 
(6.16) 
1.92 
(1.37) 
0.17 
6.89 
(5.04) 
4.56 
(2.04) 
12.13 
(7.08) 
0.76 
1.81 
0.59 
2.41 
18.99 
(3.36) 
0.17 
Note: Figures in parentheses are the daily man hours of labour assumed to be required. 
a. Daily requirement assumption is obtained by dividing the yearly labour input assumed by 27 5 days and then 
multiplying it with 7 hours. 
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By comparing actual and assumed labour inputs. Table 4.6 
indicated that an average settler family in the scheme had, in fact, 
more labour hours available for economic activities than originally 
assumed. During the 5-year period of the survey, the family labour 
contribution to total economic activity exceeded the assumed labour 
availability per household. 
Within total economic activities, the family's labour contribution 
in subsistence gardening ranged from 3.24 to 4.56 hours per diem 
compared with the 1.02 to 2.04 hours assumed to be required over the 
5-year period. Actual contribution in this subactivity can thus be 
said to have been twice the requirement assumption made. In contrast, 
cash cropping during the development phase seemed to have actually 
consumed less of the family labour inputs than initially assumed. 
Table 4.6 also indicated that the labour required to establish 
eight acres of oil palm (from land preparation to planting) was assumed 
to be about 5.47, 4.96 and 3.82 hours per day in the first, second and 
third years of the scheme, respectively. From the survey data, however, 
the settlers were found to have been able to complete its establishment 
by using 7.56 hours per day in the first year and 1.58 hours per day in 
the second year. This suggests that settlers were able to cope with 
the new crop grown on a settlement scheme based totally for the market 
and that they were prepared to sacrifice substantial leisure and the 
time spent in non-economic activities while putting in more effort in the 
establishment and maintenance of the oil palm holding. The successful 
establishment of the holdings also partly explains the high cropping 
levels and consequently the very high harvesting labour input per block 
over the production phase when harvesting activity alone took 1.85 hours 
of the daily family labour as opposed to the 0.46 hour assumed to be 
7 9 
required in the first year of the production phase. If the contribution 
of outside labour was considered, total labour input in this activity 
was even higher at 4.01 hours. The high" utilisation of outside labour 
also suggests that output was very much more than expected from the 
scheme. If true, this in itself is an indication of the success of the 
scheme if output can be considered as one criterion of success. This 
will be examined in more detail in Chapter 6. 
The actual labour inputs of the household in their economic 
activity ind icated that not only were there more labour hours per 
family than was originally assumed, but that settlers were able to 
increase total labour inputs in oil palm activities by securing sub-
stantial amounts of outside assistance to supplement their own supply 
of family labour and contributing their own to others through a mutual 
labour exchange system. This could either be accepted as evidence of 
their willingness to participate in the cash cropping industry and 
ability to make it a success or, on the other hand, as an indication 
that they are wedded to the traditional exchange of labour 'in kind' 
rather than hiring labour for wages. 
4,3.2 Labour time contribution per household member 
The project's projection that there were only 1.5 units of labour 
in a household was based on the assumption that there were only two 
members per household, namely the husband and the wife. Even if there 
were children in the household, they could have been assumed to be too 
young to contribute any labour units to the holding. Thus the husband 
contributed one unit to the economic activity of the household while 
the 0.5 unit was the contribution of the wife. To check the validity of 
this assumption, the labour time contribution of the average male and 
average female labour inputs per day were calculated and compared with 
the amounts assumed available per household. 
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It should be recalled that no assumption about the availability 
and utilisation of child labour was explicitly made by the Project 
Planning Team. Actual average daily labour inputs of child labour 
were also examined in detail to determine their contribution. 
Table 4.7 shows the average daily labour inputs of the different 
members of the household - male, female and child. The male daily 
labour inputs in total economic activities during the development 
phase varied between 4.68 and 4.98 hours a day. Out of this total, 
between 2.52 and 2.92 hours or more than 56 per cent were in cash 
cropping activities, between 1.01 and 1.2? hours or about 35 per cent 
in subsistence gardening and the rest in other economic activities. 
In the production phase, the male's average daily labour input increased 
to 6.13 hours or by about 31 per cent over the previous phase. 
The female's average daily labout input in economic activity 
ranged from 39 per cent to 49 per cent of total labour input in 
economic activities throughout the period of the survey just as the 
male unit's contribution ranged from 38 to 49 per cent. As such, the 
assumption that the female's labour contribution formed only half of 
that of the male in total economic activities represents a substantial 
under-estimation of her contribution. From actual observations made, 
the female member of the household seemed to have made equal contribution 
to total economic activity in terms of average daily labour input. The 
only difference was that her contribution was roughly double that of the 
male in subsistence gardening activities. In oil palm activities male 
labour, contributing about 49 to 53 per cent of total family labour 
input to oil palm, was the more important contributor. Nevertheless, 
the contribution of the female was also substantial at between 32 and 
37 per cent of total family labour input in this activity. 
TABLE 4.7 
AVERAGE LABOUR TIME CONTRIBUTION BY ME^ ffiER 
( 
Average daily male 
labour input 
Average daily female 
labour input 
Average daily child 
labour input 
Year Economic Non-economic Economic Non-economic Economic Non-economic 
S C 0 T HH L 0 T S C 0 T HH L 0 T ^ 1 C 0 T HH L 0 T 
1968 1.27 2.92 0.74 4.93 1.92 5.58 0.84 8.26 1.68 1.51 0.47 
1 
3.64 2.42 3.63 0.34 6.40 0.29 0.26 0.04 0.59 0.59 2.94 2.85 6.68 
1969 1.02 2.52 1.44 4.98 1. 72 6.04 0.53 8.38 2.53 2.03 0.94 5.46 3.44 7.17 0.53 11. 14 0.35 0.42 0.14 0.91 1. 12 3.05 2.54 6.75 
1970 1.01 2.65 1.02 4.68 1.67 •6.32 0.84 8.83 2.55 2.29 0.84 5.67 3.33 7.79 0.66 11. 72 0.53 0.57 0.14 0.24 1.10 0.58 2. 42 8.09 
1971 0.87 3.44 1.82 6.13 1.67 8.18 0.43 10.28 1.98 2.57 0.39 4.94 2.89 7.58 0.59 11.07 0.38 1.01 0.32 1. 71 0.35 3.16 1.02 5.03 
1972 1.23 3.49 0.11 5.33 1.49 6.70 0.44 8.63 2.60 2.30 0.04 4.93 2.85 6.82 0.33 10.00 0.74 1. 1 0.02 1.86 1.30 5.47 0.82 7.59 
S = Subsistence HH = Household 
C = Cash crop L = Leisure 
T = Total 
0 = Others 
CX3 
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In household activities, however, the daily labour input of the 
female was more significant than that of the male. It should be noted 
that household activities are indirectly a productive and necessary 
activity and hence the female's contribution in its performance should 
not be undervalued. As indicated by Table 4.7, her contribution in 
activity ranged from 2.42 to 3.44 hours per day or about 49 to 54 per 
cent of total household labour input in this activity as compared with 
the male's contribution which ranged from 1.49 to 1.92 hours per day or 
only 26 to 38 per cent of total household labour in this activity. 
The other members of the household who were not explicitly con-
sidered as a potential source of labour by the Project Planning Team 
were the children. Actual observations on average daily labour input 
in total activities of the settler however, indicated that children 
did contribute substantial labour hours to both economic and non-
economic activities. As such, these observations were examined and 
their contribution to total family labour in the total activity of the 
household noted. 
As shown by Table 4.7, the contribution of children in terms of 
labour input in economic activity ranged between 6 and 11 per cent of 
total family contribution in this activity in the development phase. 
About 50 per cent of their contribution was in oil palm and, as shown 
in Table 4.8, a major portion of it was spent on land preparation and 
maintenance of the holdings - between 38.6 and 50 per cent in land 
preparation and between 32 and 61.4 per cent in maintenance activities. 
In the production phase, the proportion of family labour in 
economic activity contributed by the children increased to between 13 
and 15 per cent of total family labour and the time spent in oil palm 
activity also increased to two-thirds of their total daily labour input 
in economic activity. This could, in turn, be attributed to oil palm 
TABLE 4.8 
DAILY CHILD LABOUR INPUT IN OIL PALM ACTIVITY 
Year 1 Year 2 Year 3 Year 4 Year 5 
Activity 
Hrs % Hrs % Hrs % Hrs % Hrs 
Land preparation 0. ,14 56 0, .22 53. 6 0, .22 38.6 0, .29 28. 4 0, .26 23.6 
Tree alignment — 0. .01 2. 4 - -
Planting oil palm - 0. .01 2. 4 - -
Planting cover crop 0, .01 4 0 .01 2. 4 - -
Maintenance 0. .08 32 0, .16 39. 2 0, .35 61.4 0. .54 52. 9 0. .46 41-. 8 
Harvesting - - 0, .18 17. 6 0. . 38 34.6 
Others 0. .02 8 - 0, .01 1. 1 -
TOTAL 0. .25 100 0, .41 100 0. .57 100 1. ,02 100 1. ,10 100 
00 
Lo 
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harvesting activities which actually took about 18 to 35 per cent of 
their total contribution to total palm activity in the production 
phase. 
In non-economic activities of the average household, the contri-
bution of child labour was more significant at between 38 to 92 per 
cent of their total daily labour contribution to total activities in 
the development phase and between 75 and 80 per cent in the production 
phase. Out of their total contribution to non-economic activities in 
the development phase, between 37 and 47 per cent was in household work 
and miscellaneous activities while in the production phase these fell 
to about 27 to 37 per cent. Thus, in contrast to the assumption that 
a child's daily labour contribution is Insignificant, the actual 
observations on their daily labout input in household activities 
indicated the importance of their contribution to certain activities 
in particular, and overall total household activities in general. 
It can be argued that by contributing so substantially to non-economic 
activities, children may have freed adults for more economic activities. 
4.3.3 Usage of outside labour 
The term 'outside labour' is used here to include all male, female 
and child labour, other than those available in the family itself, which 
was contributed by fellow settlers under a labour exchange system. 
This labour is therefore contributed only to other households within 
the scheme. 
Figure 4.1 and Table 4.9 illustrate the trend of usage and 
distribution of outside labour among the various activities in family 
blocks and contribution of family labour to other blocks over the 5-year 
period of the survey. 
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FIGURE 4.1 
USAGE OF OUTSIDE LABOUR A N D FAMILY LABOUR CONTRIBUTION TO OTHERS 
(4- • 
1 • 
A v e r a g e 
man h o u r s 
d a i l y 
9 -
Outside assistance 
received per block 
Family labour given 
to others 
Year 
TABLE 4.9 
OUTSIDE ASSISTANCE EMPLOYED AND CONTRIBUTED BY A HOUSEHOLD OVER THE SURVEY PERIOD 
Activity-
Outside labour employed in each block Family labour contributed to others 
Year 1 Year 2 Year 3 Year 4 Year 5 Year 1 Year • 2 Year 3 ' Year 4 Year 5 
Hrs % Hrs ^ % Hrs % Hrs % Hrs % IHrs ' % Hrs % Hrs % Hrs % Hrs % 
Land site 0 .07 26 0. 13 46 0 07 20 0. 06 26 0, ,07 12 0. ,09: 3 0, ,02 20 0, .06 43 _ - -
Planting 0 .06 22 0 08 29 0 09 26 0. 03 13 0. ,10 17 0, .05 24: 0, .04 40 0 .04 29 0, .01 17 -
Maintenance 0 .06 22 0. 03 11 0 09 26 0. 01 4 0, .15 25 0, .01 5' 0, .02 20 0, .02 14 0. ,03 50 0 .01 25 
Harvesting 0 .06 22 0 02 7 0 .10 28 0. 13 57 0, .19 32 0, .04 19; 0, ,02 20 0. .01 7 0. ,02 33 0 .03 75 
Other 0 .02 8 0. ,02 7 - - 0. ,08 14 0. ,02 9 - 0, .01 7 - -
SUBSISTENCE TOTAL 0 .27 *13 0, .28 *14 0, .35 *22 0. 23 0, .59 *24 0, .21 0, ,10 *13 0, .14 0. ,06 0 .04 
Land preparation 1 .46 82 0, .62 37 0, .40 33 0. 27 8 0. .48 26 !o, ,59 53 0. ,23 35 0, .27 73 0. ,06 4 0 .11 28 
Tree alignment 0 .02 1 0, .05 3 - - 0, ,01 1 0, .14 13 0, ,02 3 - - 0 .02 5 
Planting oil palm 0 .04 2 0 .72 43 - - - 0. .20 18 0. ,22 33 0, .03 18 - 0 .01 2 
Planting cover crop 0 .01 0.5 0, .01 1 0 .01 1 - - - - - - 0 .02 5 
Maintenance 0 •23 13.5 0, .26 16 0, .76 63 0. 69 23 0. ,56 31 0. ,06; 5 0. ,17 26 0, .07 19 0, ,06 4 0 .02 5 
Harvesting - - - 2. 16 69 0, .76 42 - 0. ,02 3 - 1. 10 82 0 . 15 38 
Others o' .02 1 - 0, .03 3 - - 0. ,12 11 - - 0. 12 10 0 .07 17 
OIL PALM TOTAL 1 . 78 *87 1 .66 "§5.5 1, .2 *7 7 3. 12 *89 1. ,81 *75 1. ,11 *84 0. ,66 *86 0, .37 *46 1. 34 *95 0 .40 *91 
:Other economic — - — — — 0. ,01 *0.5 _ _ _ 
1 TOTAL ECONOMIC 2 .05 *L00 1, .94 *993 1. .55 *99 3. 35 *95 2. ,41 *99.5 1. .32 •^00 0, ,76 *99 0. ,51 *63 1, 40 *99 0 .44'^00 
TOTAL NON-ECONOMIC - - 0 .01 *0.5 0 .01 0. 15 0, ,01 0.5 - 0, .01 0, ,30 *37 0, 01 -
TOTAL ACTIVITIES 2 ,05 100 1 .95 100 1 .56 100 3. 50 100 t 2. ,42 100 1, ,32 100 10. ,77 100 0, .81 
1 
100 1. ,41 100 0 .44 100 
* Calculated as a percentage of total activities. 
00 CTN 
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As seen from Figure 4.1, although initially the assistance given by 
the average household to others was equal to that from outside, for the 
remaining years assistance from outside began increasingly to be the 
greater. The question naturally arises as to whether outside help given 
and taken was strictly needed or was just a social convention. The nature 
of the tasks undertaken by outside labour given and received, e.g., in 
land preparation and harvesting, suggests that it was by no means a social 
convention but became of great significance when additional and unaccust-
omed demands were placed on a household. Thus in such circumstances the 
traditional labour exchange system proved most useful and provided a 
much-needed elasticity to labour supply for individual households, while 
at the same time this greater reliance on outside labour indicates a 
move towards a higher level of commercialisation of the subsistence 
economy. 
In terms of distribution of outside assistance amongst activities, 
most was devoted to cash cropping. As shown in Table 4.9, this activity 
absorbed between 75 and 89 per cent of total outside labour in each 
household over the 5-year period. In the development phase, about 
33 to 82 per cent of total outside labour utilised in the oil palm 
activity was for purposes of land preparation. This percentage 
naturally fell in the production phase and at the same time the propor-
tion of time spent by outside labour on maintenance and harvesting 
increased. In fact in this phase, 23 to 31 per cent of outside labour 
in total economic activity was devoted to maintenance work while 42 to 
69 per cent involved harvesting of oil palm. The contribution of out-
side assistance to harvesting of oil palm was even more significant. 
It formed about 54 per cent of total daily labour engaged in harvesting 
in the first production year. In the same year, total outside labour 
employed in oil palm was also shown to be the highest in the 5-year 
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period at about 89 per cent of total outside assistance received by the 
block. As such, it could be concluded that it was the extra labour 
demands of the new harvesting activity that necessitated the heavy 
reliance on outside labour. 
As far as subsistence tasks are concerned, the assistance 
received by the average household over the 5-year period was at its 
maximum in year five when this activity took up about 24 per cent of 
total outside assistance in total activity. Out of this, 34 per cent 
was for harvesting and 54 per cent in land preparation, planting and 
maintenance. Based on the high proportion of time spent by outside 
labour on these establishment activities, one could deduce that they 
were perhaps being used for the preparation of new gardens. 
As could be expected, family labour contribution to the economic 
activity of others seemed to be highest also in year four. Out of the 
total contribution, 95 per cent was in cash cropping. Again, the new 
harvesting activity took up about 82 per cent of the contribution to 
oil palm implying that the system of mutual exchange of labour was 
most needed and useful during harvesting. 
Assistance given by households to others in subsistence activity 
was, however, highest in year three when 17 per cent of total assistance 
given was devoted to subsistence gardens; 72 per cent of the assistance 
in subsistence tasks was for the establishment of the garden. 
As stated earlier, outside assistance was secured by an average 
household and given to other households through a reciprocal system of 
mutual exchange of labour among the settlers. As such, total daily 
labour contributed by an average household to others would be expected 
to be equal or almost as much as the daily amount it received. Actual 
outside assistance received and given over the survey period, however. 
89 
did not justify this expectation as mentioned above because outside 
assistance given to others was less than that received in each of the 
five years (Table 4.9). Three possible reasons for this trend were 
suggested to be: 
(i) Data on the daily outside assistance given to other 
settlers could have been collected at the time when 
the particular settlers in the sample were receiving 
most of the assistance but only contributing minimum 
amounts to others, 
(ii) The system of mutual exchange of labour practised by 
the settlers may not require the household receiving 
assistance to repay those who contributed the assis-
tance at the same time as h e receives it. It is a 
form of long-term reciprocal relationship and the 
households provide assistance to their fellow settlers 
at the time when it is most required, 
(iii) The repayment may not have been only in terms of 
labour but also in other tangible terms. 
If (iii) were true, it could again be taken as an evidence of the 
transition of the traditional economy to a more commercial o n e , a 
process described by the theoretical models discussed in the earlier 
chapter. 
In general, establishment of garden maintenance activities and 
harvesting w e r e the activities in which outside assistance was given 
and received most by each household. The significant role of outside 
assistance was more predominant in the production phase when 17 to 
20 per cent of total labour in economic activity of a household was 
from outside compared with only 11 to 18 per cent in the development 
p h a s e . This could be attributed to the increased demand for labour 
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necessitated by the harvesting of both subsistence gardens and oil palm 
holdings . 
A number of underlying factors could have contributed to the growth 
of exchange of labour between households. F irst , this system of pro-
viding mutual assistance i s a general feature of subsistence and cash 
cropping act iv it ies in Papua New Guinea and was thus introduced by 
settlers . It may have been needed by some households to speed up the 
planting of the area allocated for oil palm, or to help overcome 
unexpected family labour shortages owing to factors such as small 
family size ( in the case of a husband and wife team) which was a con-
straint during harvesting when high labour demands exceeded the capacity 
of the husband and wife team. Secondly, although outside assistance 
was predominantly for economic reasons, for some it may have been a 
matter of prestige, enhancing their self-image as a modern entrepreneur 
3 
as well as a big man (Shand and Straatmans, 1 9 7 2 ) . 
4 . 3 . 4 Implications of labour availability assumptions of project 
and util isation patterns of daily labour 
As stated earl ier , the Oil Palm Land Settlement Scheme was imple-
mented with the assumption that each holding was to be wholly managed 
by family labour. In each household a maximum of 10 ,5 hours of labour 
was assumed to be available daily for both subsistence and oil palm 
act iv ity . Further, no explicit assumption was made about outside 
labour supplementing the household family labour. To test the validity 
of the assumption relating to availability and utilisation of family 
labour, the actual daily labour input of the household's own family 
3. In this study, this was found to be the case with the Chimbus and 
Tola is . 
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labour in total economic activity in general, and in subsistence and 
oil palm activities in particular, were compared with the amounts 
assumed. This is shown in Table 4.10. 
As indicated, the actual daily family labour used in total 
economic activity exceeded the assumed availability in each of the 
five years of the survey by about 8 to 20 per cent. Oil palm alone 
seemed to have taken up about 45 to 67 per cent of the maximum family 
labour assumed. As such, one can conclude that within this scheme 
actual family labour in each household available per day was more than 
the maximum hours assumed. 
The assumption that there were only 1.5 units of labour per house-
hold was based on the fact that the scheme was aimed ideally for the 
young settler with wife and perhaps with young children. This 
assumption was, however, an underestimation because the survey data 
showed that the actual number of people in a sample household during 
each visit of the survey varied from a family with only one male to 
one with four males, two females or with one male, two females and 
four children. Thus 1.5 cannot be generalised as the only size of 
household in the sample. In addition, when daily labour contributions 
of female and child labour were compared with that of the male in total 
economic activity of the household (Table 4.7), the female labour 
contribution in total economic activity of the household was found not 
to be 50 per cent of the male's, as assumed, but between 75 and 90 per 
cent of his contribution. The children's daily labour input was also 
significant at as much as about 35 per cent of the male's daily labour 
input. Thus, if the contribution of all three types of labour is 
aggregated, the total labour units in each household was found to be 
between 1.9 and 2.25 units rather than the 1.5 originally assumed. 
TABLE 4.10 
PERCENTAGES OF FAMILY LABOUR UTILISED PER HOUSEHOLD 
(hours per day) 
Year 
Sub sis tence 
A c t i v i t y 
Oil 
palm 
Other 
activity 
Total 
economic 
Maximum daily 
labour available as 
assumed by project 
% of 
labour 
utilised 
3.24 4.70 1.24 9 .18 10.5 87.8 
3.90 4.96 2.51 11.36 10.5 108. 7 
4.08 5.52 2.02 11.60 10.5 111.0 
3.24 7.01 2.53 12.78 10.5 122.3 
4.56 6.89 0.68 12.13 10.5 116.0 
r^j 
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Based on this finding, it can therefore be concluded that the 
project assumption, which considered only a husband and wife team, 
seemed to have understated the potential labour contribution of the 
wife to the economic activity of the household and ignored the possible 
presence of children in the household. 
It should be recalled that assumptions relating to the requirement 
of the oil palm activity were also made by the project planners. When 
actual daily labour input in oil palm cultivation per acre in the 
development phase was examined, the amount of labour actually applied 
per acre of oil palm per day was found to be as shown in Table 4.11. 
The higher input per acre in year two was apparently due to the 
combination of establishment of the second A-acre plot and the main-
tenance of the first four acres. It should be noted that the average 
settler adhered closely to the project assumption as far as the daily 
labour input per acre of oil palm was concerned, thus enabling them to 
complete the establishment of their holding in two instead of the 
three years originally assumed. 
Finally, in testing the assumptions relating to the utilisation of 
outside labour, the percentage of daily outside assistance received per 
block to total labour input in economic activity per block was found 
to be significant as shown in Table 4.12 at between a minimum of 
11.8 per cent in year three to a maximum of 20,8 per cent in year four 
when the first harvesting of oil palm fruits began. 
The percentage of daily labour given by the average household to 
others to total labour available per household for economic activities 
was, however, not as significant as the amount received. It only formed 
about 3.5 to 12.5 per cent of total labour available per household. 
Thus, although it was not explicitly assumed that outside labour 
was to be an important source of supplementary labour for the household 
TABLE 4.11 
LABOUR INPUT PER ACRE OF OIL PALM IN THE DEVELOP>!ENT PHASE 
Total labour 
Year inputs in 
development 
Total labour 
inputs in 
maintenance 
Total average 
area per holding 
Total daily 
labour input 
Development Maintenance Actual Assumed 
4.98 1.25 1.37 
4.16 2.36 1.64 1.24 
3.95 0.49 0.66 
VO 
TABLE 4.12 
PERCENTAGE OF OUTSIDE ASSISTANCE RECEIVED ON THE BLOCK 
AND GIVEN PER HOUSEHOLD IN TOTAL ECONOMIC ACTIVITY 
Year 
Outside assistance 
in economic activity 
On block Per household 
Total labour 
in economic activity 
Percentage of outside 
assistance to total 
labour in economic 
activity 
On block Per househoId On block 
Per 
household 
(hours) (hours) (hours) (hours) C%) C%) 
1 
2 
3 
4 
5 
2.05 
1.94 
1.55 
3.35 
2.41 
1.32 
0.76 
0.51 
1.40 
0.44 
11.22 
13.24 
13.15 
16.13 
14.54 
10.49 
12.12 
12.12 
14.18 
12.75 
18.3 
14.7 
11.8 
20.8 
16.6 
12.5 
6.2 
4.5 
9.9 
3»5 
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especially d uring time of excessive labour demand,'^ actual observations 
indicated that outside labour made a significant and necessary contri-
bution to the total economic activity of the household in general, and 
the oil palm activity in particular. The reliance on outside assistance 
seemed to have been particularly great in year one when land preparation 
and planting activities were at their highest in year 4 when the first 
oil palm harvesting began. 
4 Testing for Variations in Labour Contribution 
The labour availability assumption underlying the establishment of 
the land settlement scheme implied that no variations existed between 
the labour supply and input of settlers of different etlinic groups 
and different family size. 
In this section, therefore, comparisons are made between the mean 
labour inputs of three major ethnic groupings included in the scheme, 
namely the Chimbu, Tolai and Sepik, in various activities: subsistence, 
cash cropping and leisure hours. This comparative study is then 
extended to average labour inputs of households of different family 
sizes: the single settler, the married settler and the married settler 
with children. 
4.4.1 Labour inputs by ethnic groups 
The settlers in the oil palm settlement scheme comprised farmers 
of several ethnic groups, the three major ones being the Chimbu, the 
Tolai and the Sepik. The choice of these farmers had been made by the 
Land Board on the assumption that they would all perform equally well 
4. Such as in years one and 2 when land preparation and planting 
activities were at their maximum, and in year four when the first 
harvest began. 
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on the block in terms of labour inputs in cash cropping. Thus it is 
hypothesised in this study that the mean labour inputs of each of the 
households in the three ethnic groups do not differ significantly. 
To test for the differences in the mean labour input in subsis-
tence and cash cropping activities among three ethnic and three house-
hold groups, the analysis of variance CAi^OVA) tests were carried out. 
Briefly, the variability within and between each of the three groups 
or samples was explored and these two kinds of variations were compared 
using the F-distribution. 
The result of the analysis of variance performed on the daily labour 
inputs of the three ethnic groups in subsistence activity, as shown in 
Table 4.13, indicated that we should accept the null hypothesis of 
equality of the mean labour input among the three groups in the subsis-
tence activity. 
For the mean labour inputs of the three ethnic groups in oil palm, 
however, the hypothesis that their mean labour inputs in this activity 
was equal proved to be not acceptable (Table 4.17). As such, it can be 
concluded that their contributions in oil palm activity were signifi-
cantly different from each other at 5 per cent significance level. 
The results of the ANOVA tests, however, should not be accepted 
without question in view of limitations such as smallness of sample 
size and unreliability of data collected. Another method suggested and 
adopted in this study was thus to visually compare the mean labour 
input of the three ethnic groups and the three household groups in each 
of the subsistence and oil palm activities. Such comparisons indicate 
the existence of variations in labour inputs in both activities among 
the three different ethnic groups studied (Table 4.15). 
TABLE 4.13 
ANALYSIS OV VARIANCE TABLE FOR SUBSISTENCE LABOUR INPUT AMONG ETHNIC GROUPS 
Source of 
Variation 
Degree of 
Freedom 
Sum of 
Squares 
Mean 
Square 
Between 14.08 4.69 
Within 19 71.75 3.78 
TOTAL 21 85.83 
Observed 'F' value, F^ = 1.24 
From Table, n^ = 2; n^ = 19; F^ ^^ = 3.13 
00 
TABLE 4.14 
ANALYSIS OF VARIANCE FOR OIL PALM LABOUR INPUT BY ETHNIC GROUPS 
Source of 
Variation 
Degree of 
Freedom 
Sum of 
Squares 
Mean 
Square 
Between 17.9368 5.9789 
Within 19 34.0071 1.8893 
TOTAL 21 51.9439 
Observed 'F' value, F^ = 3.1647 
From Table, n^ = 2; n^ = 19; F ^ = 3.09 
Fq = 3.1647* 
* Significant at 10 per cent level. 
vo 
TABLE 4.15 
MEM LABOUR INPUTS AND LEISURE HOURS OF SETTLERS OF THE THREE ETHNIC GROUPS BY YEAR 
C H I M B U T 0 L A I S E P I K 
Activity Family 
Labour 
Outside 
Assistance 
Total 
Labour 
Family 
Labour 
Outside 
Assistance 
Total 
Labour 
Family 
Labour 
Outside 
Assistance 
Total 
Labour 
Subsistence activity 
Year 1 
2 
3 
4 
5 
Oil palm activity 
Year 1 
2 
3 
4 
5 
Leisure 
Year 1 
2 
3 
4 
5 
4.13(1) 
4.15(1) 
4.40(2) 
3.04(3) 
3.84(2) 
3.20(3) 
5.09(1) 
5.61(3) 
6.35(2) 
5.41(3) 
14.54(2) 
14.33(3) 
18.66(3) 
17.98(3) 
15.92(3) 
0.41(0) 
0.20(3) 
0 . 2 8 ( 2 ) 
0.15(3) 
0.89(1) 
1.72(2) 
0.40(3) 
0.79(3) 
3.23(2) 
1.70(2) 
4.54(1) 
4.35(2) 
4.68(2) 
3.20(3) 
4.73(2) 
4.92(3) 
5.49(3) 
6.40(2) 
9.59(2) 
7.11(3) 
14.54(2) 
14.33(3) 
18.66(3) 
17.98(3) 
15.92(3) 
2.86(3) 
3.43(3) 
3.19(3) 
3.42(2) 
3.62(3) 
5.54(1) 
4.91(3) 
5.15(2) 
6.09(3) 
7.65(1) 
16.52(1) 
18.54(1) 
2 1 . 2 8 ( 1 ) 
22.04(1) 
23.96(1) 
0 . 1 0 ( 2 ) 
0.37(1) 
0.26(3) 
0.35(1) 
0.19(2) 
1.31(3) 
2.35(1) 
1.25(2) 
1.83(3) 
2.29(1) 
2.96(3) 
3.80(3) 
3.45(3) 
3.77(2) 
3.81(3) 
6.85(2) 
7.27(2) 
6.40(2) 
7.94(3) 
9.94(1) 
16.52(1) 
18.54(1) 
2 1 . 2 8 ( 1 ) 
22.04(1) 
23.96(1) 
3.54(2) 
4.14(2) 
5.07(1) 
3.68(1) 
5.88(1) 
5.26(2) 
5.04(2) 
6.39(1) 
8.67(1) 
7.78(1) 
9.70(3) 
16.71(2) 
20.06(2) 
20.01(2) 
19.36(2) 
0.06(3) 
0.33(2) 
0.42(1) 
0.25(2) 
0.19(2) 
2.4 (1) 
2.28(2) 
1.61(1) 
4.02(1) 
0.94(3) 
3.66(2) 
4.47(1) 
5.47(1) 
3.93(1) 
6.08(1) 
7.66(1) 
7. 32(1) 
8.00(1) 
12.68(1) 
8. 72(2) 
9.70(3) 
16.71(2) 
20.06(2) 
20.01(2) 
19.36(2) 
Note: Figures in parentheses are the rankings for each group as compared with each other. 
o o 
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Two factors could have contributed to the differences in total 
labour inputs among settlers of the different ethnic groups. First, 
the differences could have been caused by differences in average family 
composition of each household. When Table A.16 was examined, it was 
found that about 88 per cent of the sample households in the survey 
comprised either a married settler or a married settler with children 
and for the Chimbu settlers all the households in the samples were in 
these two categories. 
Since Table 4.13 indicated that the Sepik and the Chimbu settlers 
had the highest mean labour inputs in both subsistence and oil palm 
activities, this finding, in a way, does suggest that 'the larger the 
family size, the larger would the labour inputs be*. Secondly, 
differences in total outside assistance received by the three groups 
on the block could have contributed to differences in total labour 
inputs. Table A. 13 did seem to confirm this suggestion because outside 
assistance received by the Sepik settlers was seen to be highest through-
out the 5-year period of the survey. 
4.4.2 Labour inputs by household composition 
In the choice of blockholders, priority was given by the Selection 
Committee (Land Board) to married smallholders. This was primarily 
because it was thought that married couples would contribute more than 
single settlers in terms of labour inputs to the oil palm blocks. 
Furthermore, it was assumed that married settlers, as a stable work 
force, would be more involved in the scheme and hence able to complete 
the cultivation of the whole block allocated to them within the 
specified period. 
TABLE 4.16 
FA14ILY COMPOSITION OF HOUSEHOLD IN THE SA^IPLES 
Ethnic 
group 
Single 
No. 
Married 
No. 
Married 
with children 
No. % 
Total 
No. % 
Chimbu 33 67 29 
Sepik 12 44 44 42 
Tolai 17 50 33 29 
o 
NJ 
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However, applicants were not penalised for being unmarried and 
several single farmers were selected as settlers for the scheme. 
Implicitly, therefore, the project assumed that settlers could per-
form equally well irrespective of their family size. This assumption 
was also tested in this study. 
The sample in the survey contained three single settlers, ten 
married settlers and ten married settlers with children. The hypo-
theses tested were that no significant differences existed in the 
average daily labour inputs between the three groups in both subsis-
tence and oil palm activities. As in section 4.3.1, the ANOVA test 
and visual comparison of sample means were applied. 
The analysis of variance test performed on the mean total labour 
inputs of the single, married and married with children households 
confirmed that significant variations existed in their mean labour 
inputs (Tables 4.17 and 4.18) in both the subsistence and oil palm 
activities. 
Comparison of the actual mean family labour inputs in both 
subsistence and oil palm activities of the three household groups 
revealed that the mean labour inputs of the married settlers with 
children in both activities were highest throughout the development 
and production periods and the mean labour input of the single house-
hold was the lowest in all the five years (Table 4.19). Even after 
the outside assistance received and given by the single household was 
considered, the labour input of the single household in total economic 
activity remained the lowest. Among the three family groups, the 
single household received the least outside assistance (except in 
year one when the outside assistance received was highest for the 
single settler - Table 4.20). Throughout the 5-year period, outside 
TABLE 4.17 
ANALYSIS OF VARIANCE FOR SUBSISTENCE LABOUR INPUT BY HOUSEHOLD COMPOSITION 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares 
Mean 
square 
Between 27.16 13.58 
Within 20 58.67 2.93 
TOTAL 22 85.83 Fq = 4.629 
Observed 'F' value, F^ = 4.629 
From Table, n^ = 2; n^ = 20; F^ ^^ = 3.49 
^0.95 
o 4>-
TABLE 4.18 
ANALYSIS OF VARIANCE FOR CASH LABOUR INPUT BY HOUSEHOLD COMPOSITION 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares 
Mean 
square 
Between 12.7647 6.3823 
Within 19 39.1793 2.0621 
TOTAL 21 51.9439 
F = 3.0941 •k* 
Observed 'F' value, F^ = 3.0941 
From Table, n^ = 2; n^ = 19; f ^q = 2.6117 
** Significant at 90 per cent level. 
o Ln 
TABLE 4.19 
MEAN LABOUR INPUTS IN SUBSISTENCE AND OIL PALM ACTIVITIES BY HOUSEHOLD COMPOSITION BY YEAR 
(hours per day) 
Family 
labour 
S I N G L E M A R R I E D W I 
M A R R 
T H C H 
E D 
L D R E N 
Outside 
assistance 
Total 
labour 
Faniily 
labour 
Outside 
assistance 
Total 
labour 
Family 
labour 
Outside 
assistance 
Total 
labour 
Subsistence 
Year 1 
2 
3 
4 
5 
1.48(3) 
0.61(3) 
0.73(3) 
0.87(3) 
0.25(3) 
0.75(1) 
0.63(1) 
2.23(3) 
0.61(3) 
1.36(3) 
0.87(3) 
0.25(3) 
3.09(2) 
4.05(1) 
3.95(2) 
3.02(2) 
3.76(2) 
0.02(3) 
0.25(2) 
0.24(3) 
0.27(1) 
0.79(1) 
3.11(2) 
4.30(1) 
4.19(2) 
3.29(2) 
4.49(2) 
5.72(1) 
3.98(2) 
5.03(1) 
4.31(1) 
6.66(1) 
0.10(2) 
0.41(1) 
0.46(2) 
0.23(2) 
0.34(2) 
5.82(1) 
4.30(1) 
5.49(1) 
4.54(1) 
10.00(1) 
Oil palm 
Year 2.24(3) 
0.68(3) 
2.71(3) 
3.86(3) 
3.36(3) 
2.60(1) 
0.71(3) 
1.54(3) 
4.84(3) 
0.68(3) 
3.42(3) 
5.40(3) 
3.36(3) 
6.75(1) 
5.40(1) 
5.20(2) 
6.34(2) 
6.41(2) 
2.02(2) 
1.82(1) 
1.30(1) 
3.25(2) 
1.24(2) 
8.77(1) 
7.22(1) 
6.50(2) 
9.59(2) 
7.65(2) 
4.18(2) 
4.72(2) 
6.60(1) 
9.17(1) 
8.22(1) 
0.91(3) 
1.54(2) 
1.13(2) 
3.33(1) 
3.05(1) 
5.09(2) 
6.26(2) 
7.73(1) 
12.50(1) 
11.25(1) 
Note: Figures in parentheses are the rankings of the labour of that group in the 
particular activity. 
o a^  
TABLE 4.20 
OUTSIDE ASSISTANCE RECEIVED AND GIVEN IN TOTAL ECONOMIC ACTIVITY AMONG SETTLERS OF THREE HOUSEHOLD GROUPS 
(hours per day) 
S I N G L E M A R R I E D M W I T H 
A R 
C 
R I E 
H I L 
D 
D R E N I 
Year Amount given Amount received Amount 
I 
given Amount received Amount given Amount received ! 
1 
s ! 0 Oth-er 
To-
tal 0 
Oth-
er 
To-
tal S 0 
Oth-
er 
To-
tal S 0 
0th-! 
er 
To-
tal 
1 
S i 0 Oth-er 
To-
tal S ; 1 0 
0th-' 
e r 
' To-
tal 
1 0.13 0.59 - 0.72 
1 
0.75 
i 1 
2.60 - 3.35 0.06 1.09 - 1. 15 0.02 2.02 - 2.04 
i 
0.50 1.64 - 2.14 0.10 0.91 
1 
1 
1 
1.01 1 
2 - - - - - - - - 0.10 0.82 - 0.92 0.25 1. 82 - 2.07 0.06i ! i 
0.34 
i 
i 
— 0.40 0.41 1.54 
j 
_ 1 1 1 - 9 5 1 
3- - 0.05 - 0.05 0.6-3 0.71 - 1.34 0.17 0.51 - 0.68 0.24 1.30 - 1.54 
! ! 
0.09 0.21 - 0.30 0.46 1.13 -
i 
1.59 
i 
4 - 0.66 - 0.66 - 1.54 - 1.54 0.09 1.19 - 1.28 0.27 3.25 - 3.52 0.03 1.82 - 1.85 0.23 3.33 -
i 
3.56 
5 - 0.11 - 0.11 - - -
I 
0.01 0.48 - 0.49 0.79 1.24 - 2.03 0.08 0.31 ; - 0.39 
1 
0.34 
J 
3.05 0,03 3.42 
i 1 
Note: S = Subsistence 
0 = Oil palm 
Source: Survey data. o 
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assistance received by the single settler ranged between 43 and 87 per 
cent of the amount received by the married settler, and between 43 and 
84 per cent of that received by the married settler with children. 
This could be due to the fact that the single settlers could not 
reciprocate by giving as much outside assistance as that contributed 
by the married and married with children settlers. The contributions 
of the single settlers to others for each of the five years were less 
than they received and ranged from as low as 5 per cent to 63 per cent 
of the married settlers' contribution and between 16 and 36 per cent 
of those of the married settler with children. 
Based on these observations, two hypotheses on the single settler 
are put forward: 
(i) Although he could not contribute assistance to others 
as much as settlers of the other two family sizes, 
the single settler still managed to receive more 
assistance than he contributed to others. This 
implies that they either paid for the assistance 
received in forms other than labour or were able to 
secure the assistance as an act of generosity by the 
married settlers and those married with children. 
The insignificant amount of outside assistance 
received and given by the single settlers may also 
mean that they were largely outside the exchange labour 
system. 
(ii) Although total daily labour inputs in subsistence and 
oil palm activities were lowest compared with the 
other two groups of settlers, the single settlers 
were still able to follow the schedule of development 
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programmed and consequently complete the establish-
ment of their oil palm holdings at the same time as 
the others. 
The second point suggests two possibilities, namely: either, 
(a) the single settler worked harder than those in 
the other two household categories, or 
(b) the single settler worked more efficiently than 
the others. 
Comparison of the hours worked per adult equivalent^ of the single 
settler as against those of the married settler and those married with 
children indicated that the single settler contributed less hours per 
day than the other two categories of settler in the subsistence 
activity in every year of the survey. A similar pattern is also noted 
in the oil palm activity^ (Table 4.21). As such, the first possibility 
could not be true. This, therefore, leaves us with the possibility 
that the single settler might have worked more efficiently than the 
others. The next two chapters attempt to examine the second possibility 
in detail. 
6 . Hours per adult equivalent was calculated using: 
male = 1 unit 
female = 0.75 unit 
child = 0.5 unit. 
7. Except in year four or the first year of harvest when the single 
settler's daily labour input slightly exceeded that of the married 
settler. 
TABLE 4.21 
HOURS WORKED PER ADULT EQUIVALENT OF A SETTLER BY HOUSEHOLD COMPOSITION 
(hours per day) 
Single household Married household Married with children 
Activity 
Male Male Female Male Female Child 
Subsistence activity 
Year 1 
2 
3 
4 
5 
1.48 
0.61 
0.73 
0.87 
0.25 
1.76 
2.31 
2.25 
1.72 
2.11 
1.33 
1.74 
1.70 
1.30 
1.59 
2.54 
1.77 
2.24 
1.92 
2.96 
1.90 
1.32 
1.68 
1.44 
2.22 
1.28 
0. 89 
1.11 
0.95 
1.48 
Oil palm activity 
Year 2.24 
0.68 
2. 71 
3.86 
3.36 
3.85 
3.08 
2.97 
3.62 
3.66 
2.90 
2.32 
2.23 
2.72 
2.75 
1. 85 
2.09 
2.93 
4.07 
3.65 
1.39 
1.57 
2. 19 
3.05 
2.73 
0.94 
1.06 
1.48 
2.05 
1.83 
Ill 
4.5 Summary of Results 
This analysis brought to light several important points. 
First, by comparing the total actual labour input of the average 
household with the amount of labour assumed to be available per family 
by the Project Planning Team, it was found that the average settler 
household applied more labour to the total economic activity on the 
block in general, and to the oil palm holding in particular, than was 
initially assumed to be needed. 
Secondly, it was clear from the household composition that house-
holds did not adhere to the planning norm of a husband and wife 
combination. Composition varied from the single settler to those 
married with several children. 
Thirdly, labour supply deviated substantially from the assumed 
Q 
1.5 labour units to between 2 and 2.25 units per married household. 
Female and children labour input in total economic activity were under-
stated in the Project assumptions. Female labour input in economic 
activity was between 75 and 90 per cent of the male's contribution. 
Children, besides being a significant source of labour in oil palm 
harvesting, contributed significantly in household work thus freeing 
adults to perform more economic activities. Based on these findings, 
the writer suggests that it would be more appropriate if the labour 
unit in future, similar, schemes is assumed to vary between 2 and 
2.5 units of labour per married household and between 1 and 1.5 units 
per single family. 
It was noted from actual daily labour inputs of the different 
members of the family that about 90 per cent of their labour inputs 
8. For the single settler, only 1 unit of family labour was available, 
Additional labour units were, however, obtained from outside assistance, 
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was devoted to their own block. In the development phase, male labour 
input in economic activities ranged from an average of 4.93 to 6.13 
hours per day across farms. Similarly, female labour averaged from 
3.67 to 5.68 hours per day and child labour input ranged from a farm 
average of 0.24 to 1.86 hours per day. These average labour inputs 
seemed to agree with another study on Papua New Guinea made by Fisk 
who discovered that an average farmer within the subsistence economy 
works for an average of about three hours per day. However, these 
average labour inputs seemed lower when compared with those of farmers 
in neighbouring, densely populated countries. Benjamin White, in his 
paper, 'Population, Involution and Employment in Rural Java', for 
example, discovered that an average adult male did a total of 8.7 hours 
of work per day while an adult woman in Java did 5.9 hours of work per 
day. In still another study of population in the village Sriharjo in 
Indonesia, Penny and Singarimbum discovered that a 'full day' of work 
was considered to be 14 hours, out of which six hours was in rice 
cultivation and the other eight in other activities. 
Fourthly, as expected,family labour was the main source of labour 
inputs for the economic activities of the block. However, outside 
assistance received and given was significant during times of 
excessive labour demands such as times of heavy land preparation and 
planting work in the development phase and in the production phase when 
harvesting began. Assistance received and given by settlers thus 
played a very significant role in the Hoskins Settlement Scheme by 
enabling settlers to cope with heavy and unaccustomed demands of 
labour. 
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In looking for variations in labour inputs among the settlers of 
three different ethnic groups and three categories of household sizes, 
the statistical tests performed confirmed that labour inputs of 
settlers were different in each of the subsistence and oil palm 
activities both among ethnic groups and among the three household 
categories. 
In conclusion, although it can be implied from the findings that 
ethnic grouping could be considered as one of the criteria in the 
selection of settlers for the Oil Palm Scheme, it should also be 
noted that while this difference in performance of the settlers was 
significant it needs to be -
(a) related to their production performances, and 
(b) should be considered in relation to the whole 
s cheme. 
Chapters 5 and 6 attempt to look at the first point. 
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CHAPTER 5 
SMALLHOLDER OIL PALM PRODUCTION FUNCTION: 
THE ANALYTICAL FRAMEWORK 
5 .1 Introduction 
As stated in Chapter 1, one of the objectives of this study is to 
relate the output of oil palm to labour inputs in both the development 
phase and the production phase of the scheme. Two main hypotheses con-
cerning the output or production of oil palm by the settlers are made: 
(a) Output of oil palm (a perennial crop) is, in view of 
its poly-periodic production function, determined by 
past inputs in planting, past maintenance inputs, and 
the botanical characteristics of the crop. Hence 
production of oil palm is a function of the number 
of trees and the age of the trees, past management 
inputs (which in this study will, in turn, be hypo-
thesised to be a function of labour inputs in 
planting and maintenance of the trees in the first 
three years of their lives). 
(b) Two categories of labour inputs are considered in the 
production phase. One, the labour input in harvesting 
is hypothesised not to be an independent variable 
determining output levels but is on the other hand 
dependent on actual output levels. The other, labour 
input in hand pollination, is however postulated to be 
a determinant of output levels. 
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Chapters 5 and 6 are therefore concerned with oil palm production 
and yield patterns of the smallholders in the Land Settlement scheme 
of Cape Hoskins in general and with testing the above two hypotheses 
in particular. Chapter 5 provides the analytical framework while 
the results of the analysis and attempts at estimating the settlers' 
yield curves and predicting the overall output for the whole settlement 
by using the specific models are presented in the next chapter. 
5.2 The Field Operations of Oil Palm Cultivation 
Before embarking on the description of the theoretical models of 
production and the analysis of the empirical results, a brief descrip-
tion of the field operations involved in oil palm production is 
required. Oil palm, which most probably had its natural home in Africa, 
is grown from seeds which are initially germinated in sand beds and 
transplanted, after germination, into nurseries where seedlings are 
reared until they are strong enough to grow in open fields. 
5.2.1 Planting 
The best grown palms from the nurseries are planted into the 
fields usually at the age of between twelve and eighteen months, taking 
care that the time of transplanting coincides with the commencement of 
a wet season so as to ensure the palms receive plenty of water at the 
roots. The land for the final planting of the crop is prepared whilst 
the palms are still in the nursery to ensure that it is ready for the 
beginning of the wet season. Land preparation generally includes 
clearing, lining and holing. Holing involves the digging of holes two 
feet square and two feet deep which are then left covered for between 
one to two weeks. Transplanting follows and the palms are planted 
at a density of between 48 and 60 palms per acre. 
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5.2.2 Maintenance and manuri ng 
Field work includes the maintenance of a suitable ground cover, 
the pruning of leaves and general manuring. As far as the establishment 
of cover crops is concerned, leguminous cover crops can be grown easily 
and inexpensively established on soils clear of jungle. On these soils 
weeding is carried out regularly until the cover is well established, 
after which periodic slashing and ring weeding around the palms is 
sufficient. On other soils, however, only natural ground cover is 
encouraged. Leaf pruning normally starts when the lowest fruit bunches 
are 3.5 feet from the ground. From then until the lowest bunches are 
5 feet from the ground the leaf immediately below a bunch is pruned. 
Finally, correct and sufficient manuring is important if the 
maximum potential yield of the palm is to be achieved. The type and 
quantity of fertiliser mixture required, however, depend on the soil 
type. 
5.2.3 Castration of mature palms 
This operation consists of the removal of young male and female 
inflorescences and bunches done in monthly rounds starting around 
fourteen months after field planting and continuing until about the 
twenty-sixth month. The advantages of this practice are as follows: 
(i) The removal of unwanted fruit bunches, which if left 
on the palm could become a source of infection or 
attract rats. 
(ii) An improved rate of palm development is encouraged 
by the diversion of plant nutrients from the pro-
duction of uneconomic bunches to vegetative growth. 
(iii) Tendency to produce a more uniform stand which is 
clearly desirable from the viewpoint of harvesting 
during the early stages of cropping. 
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5.2.4 Hand or assisted pollination 
Hand pollination has been suggested and proven by experiments 
carried out in Malaysia to be one way of obtaining higher fruit yields 
especially in the early years of production. 
Natural pollination occurs during the flowering stage with either 
the help of the winds or insects and their distribution depend partly 
on the prevailing winds and partly on convection currents. The distance 
of pollen dispersal is variable and is affected by such factors as wind 
velocity, density of planting, height of the canopy and the density and 
height of the inter-row vegetation. 
One immediate depressant effect on pollen distribution is rainfall. 
Even small showers reduce pollen density in the air to minimum levels, 
while at the same time wet inflorescences cease to disperse pollen. 
Ineffective pollen distribution results in low yields five to six months 
later. To produce optimal fruit set, therefore, hand or assisted 
pollination is required in areas with consistently high rainfall and a 
high number of days in which rain is experienced. 
Hand pollination is done by first collecting pollen from 
inflorescences taken from older plantings. The inflorescences are dried 
in the sun on a sheet of white paper and the pollen is then shaken off 
and collected in bottles in a desiccator. Pollination is then carried 
out by lightly dusting the ripened flowers of the female inflorescence 
with the pollen. Various methods of dusting the pollen on to the flowers 
have been tried, the commonest being the use of a glass flask with a 
rubber bulb attachment. 
A normal pollination task is about 15 acres per man day and usually 
carried out five months before harvesting. A range of between 4 to 12 
rounds of assisted pollination per month can be carried out depending 
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on the conditions of the area. However, it should not commence until 
palms are about 3 years old as there may be a danger of overcropping 
palms in their early years and the reduction in cropping levels 
during later years. 
Results of various experiments showed that hand pollination 
increased the number of bunches set and fruit to bunch ratio. However, 
of particular importance was the effect of assisted pollination in 
preventing wide fluctuations in month-month yield and inducing a more 
even yield over the period, thus being very desirable for both field and 
factory organisation. Thus, hand pollination is beneficial, especially 
in the early years of production. How long it should be continued, 
however, needs further research. 
5.2.5 Harvesting and yields 
Harvesting of the fruit bunches is a skilled task. It is highly 
labour intensive because only fruits of the correct ripeness should be 
cut. This means that no machinery can be used for harvesting purposes. 
The fruit is usually cut with a harvesting knife attached to a bamboo 
pole. Maximisation of yield of palm oil not only calls for the cutting 
of fruits of the correct ripeness but also immediate delivery to the 
factory because storing usually leads to cracking, bruising or over-
ripening of fruits which, in turn, causes a reduction in the quality of 
oil as some of the oil breaks down into free fatty acids. 
The oil palm generally starts to yield from the fourth year after 
planting. Yields especially rise for some years after which they vary 
from year to year according to climate, conditions of the soil, drainage 
and management. Fruit bunches ripen throughout the year and harvesting 
is carried out continuously at intervals ideally of from five to ten 
days, which is therefore the time of peak labour demand and settlers 
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have to get plenty of outside labour to supplement their own family 
labour. 
5.3 Conceptual Framework and Model Specification 
5.3.1 Conceptual framework 
In order to test the first hypotheses in section 5.1, one needs to 
formulate the appropriate production function model. 
The production function, according to the traditional theory of 
the firm, shows the maximum output obtainable from every possible input 
combination given that technical and economic efficiency exist. 
Graphically, the production function can be represented as in Figure 
5.1. The production possibility curve here represents maximum output 
possible for every level of labour inputs, OMZ represents the trad-
itional production of microeconomic theory which only considered the 
efficient techniques. In reality, however, such a function seldom 
exists because the two basic assumptions underlying such a function, 
namely an existence of technical and price^efficiency and a perfect 
factor market, are often not fulfilled. A scatter of observations, 
rather than a set expansion path where all farms are located, exists 
on the production surface. In other words, not all farms are producing 
on the efficient frontier of the production curve; some are at 
inferior interior points. This can be represented graphically as in 
Figure 5.2 where a family of production functions depicting various 
efficiency levels is suggested to exist as opposed to a production 
possibility set with a single efficient frontier production function. 
As seen, OZ is the most efficient frontier followed by OY, OX and OW 
reflecting lower efficiency levels. OR represents the'average' 
technology. 
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FIGURE 5.1 
A PRODUCTION POSSIBILITY SET FOR ONE VARIABLE UNIT 
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Labour input 
FIGURE 5.2 
DIFFERING EFFICIENCY LEVELS IN A PRODUCTION POSSIBILITY SET 
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Economists have been attempting to explain the concept of efficiency 
since the early twentieth century. Such efforts of Mundlak (1961), 
Liebenstein (1966), Massel (1967), Yotopoulos (1967), Timmer (1970) and 
recently of Etherington (1973) and Muller (1974) have been exceptionally 
successful in this field. 
In the model developed by Etherington, differences in the age of 
trees of a particular tree crop (tea) and non-conventional inputs such 
as weather and managerial ability were hypothesised as causing inter-
farm productivity variations. Similarly, Muller developed a model in 
which he attributed and proved such productivity differences to 
differences in management inputs. An approach, particularly similar 
to that of Etherington's, is adopted in this study where dummy variables 
representing management effect and time effect together with the age of 
trees are hypothesised as explaining most of the variations in output. 
The analysis is extended a step further by using Timmer's approach in 
an attempt to measure the technical efficiency levels of settlers and to 
account for the variations in such levels. 
In specifying the production function of oil palm settlers of 
the Cape Hoskins Land Settlement Scheme, the writer assumed that 
differing levels of technical efficiency exist among them. Although 
all settlers had very similar histories and followed the recommended 
practices and sequence of operations quite closely, the amount of care 
and the level of labour inputs put into these operations differ among 
them. The differences in these labour inputs are then suggested to 
result in the variations in technical efficiency of settlers. One of 
the objectives of this section of the study is therefore to measure 
these variations and consequently to distinguish the 'better settlers' 
from the 'average settlers' and the 'below average settlers'. 
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5.3.2 Model specification 
5.3.2.1 The general model: 
The entire set of production variables for settler oil palm can 
be written as the following general production function: 
V f ^ t ' ^it- " i f V - l ••• "lt-n> • • • • 3 • 3. 
where, 
Q^^ is the total output of fresh fruit bunches of oil palm 
of farm i in any year t. 
X^^^ is the number of palm trees of age k on farm i in any 
year t. 
Lj^ ^^  is the number of man equivalent hours spent in harvesting 
the fresh fruits on farm i in year t. 
L ^^ is the number of man equivalent hours spent in hand 
^^ pollinating the palms on farm i in year t. 
S^ is the land input of farm i. 
C. is the micro climate on farm i in year t. xt ^ 
M, , M. ^ ... M. represent the present and past cultural It it-1 it-n ^. £ ^r r • ^ £ 
practices of the farmer in terms of the 
optimum preparation of the land before 
planting, maintenance of ground cover, 
correct pruning and hand pollination 
procedure and manuring.^ 
5.3.2.2 The Etherington model: 
The model that will be used to estimate the empirical production 
function in this study is adapted from that developed by Etherington 
(1973) in his study of 'Smallholder Tea Production in Kenya'. The 
techniques are adjusted to apply to oil palm production in the 
smallholder settlement scheme of Cape Hoskins, Papua New Guinea. 
1. For purposes of the current study, only past maintenance inputs 
are considered. 
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In developing his tea production model, Etherington suggested that the 
number of tea bushes and the age of those bushes was the most important 
vector of variables in the input set. In addition, he suggested that 
no interaction exists between the vintages of tea bushes and hence 
their contribution to output are additive rather than multiplicative. 
Similarly, it is assumed in this study that: 
(i) Production of oil palm fruits is a function of the 
number of trees and the age of those trees, 
(ii) Logically, the trees of different age groups do not 
directly interact with one another and hence they have 
only additive contribution to output. Statistically, 
this means that the production function is linear. 
However, some interaction among trees of different 
age might indirectly exist for oil palm via the process 
of pollination. As such, a multiplicative effect on 
output is possible and a Cobb-Douglas production function 
might also fit in the case of oil palm. 
(iii) Other variables (in section 5.1) are redundant for reasons 
which will be explained in detail later in this chapter. 
Based on the above assumptions, the production function of the oil 
palm settlers can now be expressed as: 
8 
Q . = 3 + 2 3, X, . + .... 5.2 ^it o , , k kit It k=4 
where. 
Q_ is the output of fresh fruit bunches from farm i in 
'it 
it 
year t (i=l, N and t=l, ..., T) . 
is the number of trees of age k on farm i in year t. 
(k=4, ..., 8 since yields start in year four and the 
dates are available for trees up to eight years of age) 
6 is the yield of trees of k years old. 
k 
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is the intercept. 
is the stochastic error term. 
Output is measured in metric tons of fresh fruit bunches 
collected from the farmers at the farm gate for delivery to the factory. 
It is at the factory that the quality of the fruits are inspected and 
the farmers paid for their fruits. Thus this is the most appropriate 
2 
point at which farm output can be measured. the actual 
number of palms planted in each year, the most important of the input 
categories in equation 5.1, is the only input in equation 5.2. This 
is because at any one time, the settlers' stock of trees of different 
age groups and each group's contribution to the total output of fresh 
fruit bunches can, in fact, be assumed to exist somewhere along a 
logistic growth curve such as that hypothesised in Figure 5.3. The 
exact nature of this curve, together with all its structural parameters 
are not known for the oil palm smallholder scheme in Papua New Guinea. 
However, based on the knowledge that the maturation process of the 
palms is continuous, the general trend of the curve can be hypothesised. 
In this curve, the relationship of trees of the various age groups is 
considered to exist between one age group and another. The impli-
cation of the linearity assumption is that no other variable in 
equation 5.1 is a binding constraint. This, therefore, explains 
assumption (iii) which stated the redundancy of the other variables. 
The redundant variables are C. and S.. L . is not redundant X 1 pit 
but not included in the list of independent variables due to non-
availability of data. or the amount of labour spent in 
2. This is constant for every settler in the sample because a 
similar amount of land is given to each settler and the planting 
density of each block has been fixed by the NBPOD. 
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FIGURE 5.3 
HYPOTHETICAL YIELD CURVE FOR AN OIL PALM TREE 
Yield 
(kg per year) 
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harvesting fresh fruit bunches of the oil palms is undeniably a 
necessary input in the production theory of classical microeconomics. 
However it is seldom specified whether it is labour input that 
determines output or it is the actual level of production that calls 
forth a certain labour input. As far as oil palm is concerned, it is 
assumed that harvesting labour is a function of output and not the 
reverse, i.e., 
L.^ • £(Q.^) .... 5.3 
In line with this assumption, it is therefore suggested that the 
inclusion of iri the production function is incorrect and would 
consequently bring about what statistically expressed is a problem of 
complete multicolinearity of inputs. 
L . or the labour input in hand pollination, the other labour pit 
input in the production phase, is a new factor suggested to have a strong 
influence on output levels. As noted by Shand: 
Subsequent to the production commencing it was realised 
that hand pollination was a necessity in the production 
phase. 
Labour input in this operation is hence postulated to be one of 
the independent variables contributing to output variations. L^^^ is 
therefore not a redundant variable but it is rather the non-availability 
of data on labour input in this activity that prevents the 
statistical analysis and confirmation-of .the postulated relationship 
between labour in hand pollination and output levels. 
The hypothesis that is redundant in the production function 
cannot be accepted without some justification. One possible objection 
to it is that no account is taken of relative product prices which may 
affect the labour input in any one crop at any one time (Etherington, 
1973). The implication of this is that labour is a binding constraint 
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and should therefore be included as an input in the specified 
production function. On the other hand, it can be further argued 
that this is not necessarily so because although oil palm harvesting 
requires high labour inputs, no competition exists between oil palm 
and other crops for labour services in the settlement scheme. This 
can be attributed to one major reason, namely that only oil palm 
is grown on a large scale in the settlement scheme. The only other 
activity which can be regarded as competing for the settlers' labour 
3 
is leisure. Labour input, however, is not an input required only 
during the production period but more important during the development 
phase for activities such as land preparation, planting of oil palm, 
development of cover crops and maintenance of the palms in the initial 
years of the oil palms' life. These labour inputs will be incor-
porated under one variable, namely, management. A more detailed 
explanation will be presented in the discussion of management later 
in this chapter. 
(S.) or land on a given farm is concerned with both quantity 
and quality of the land. However, for purposes of this study, this is 
not included in the variable lists because the amount of land allo-
cated to each settler was fixed at 15 acres, out of which eight acres 
was to be planted with oil palm. No variation in the quality of 
land is assumed as the sample farms are all located in a contiguous 
area within the whole settlement scheme. Furthermore, available 
evidence suggests there was little variation in soil type and 
fertility and in the slope between sample farms. 
3. The cultivation of subsistence crops cannot be regarded as com-
peting for the family's labour inputs because the acreage grown under 
subsistence crops was already fixed by the Project Planning Team and 
hence settlers were not supposed to grow more than required. 
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The micro-climatic variable or C^ in equation 5.1 refers to both 
inter-farm variability and inter-year variability. The inter-farm 
variability in the sample farms can be assumed to be insignificant in 
view of the fact that each farm is small in size and all are located 
in one contiguous block. The inter-year climatic variations, however, 
could have a significant effect on output. To cater for such effect, 
a dummy variable can be introduced in the equation. However, the inter-
year effect need not be so significant as to affect the yield 
coefficient of the oil palm trees unless exceptionally bad weather 
or natural hazards such as storm, flood or drought occurs in any 
particular year. When the dummy variable is introduced in equation 
5.2 the new production function becomes: 
Q. = 3 + B + Z , x . + e . ^it o oot k kit It 5.4 
where, 
6 is the year effect coefficient for year t. oot 
The remaining variable included in equation 5.1 but not in 
equation 5.2 which needs to be discussed is managerial ability in both 
the current and previous years, or M^, ••• management 
is important throughout the life of the trees but it is management 
inputs during the young life of the trees that determines future out-
put and justifies the description of the multiperiod production 
function as a point-input-multipoint-output process (Etherington, 1973). 
For the purposes of this study, only management inputs during the 
development phase are considered due to data non-availability and hence 
only a single management variable M^ is included for the analysis. 
The time subscripts shown in equation 5.1 are excluded. The influence 
of management on production of agricultural crops has been established 
in many studies. The realisation of the productivity of physical 
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resources such as land, labour and capital are only made possible by 
good management. In a settlement scheme like the one being studied, 
where equal amounts of land, capital and other physical inputs are 
allocated to every settler under similar environmental conditions and 
settlers are expected to grow the same combination of crops, variations 
in output produced and incomes earned could only be explained by 
variations in inputs of management (Upton, 1973). The result of 
variations in management ability on the marginal product of factor 
input, in this case labour, is illustrated in Figure 5.4. The marginal 
produce per unit of a given level of labour input is shown to increase 
with better management and the economic optimum level of labour is 
increased from A to B. Thus, in this study it is most important that 
variations in management ability be detected and consequently the 
'better' settlers be distinguished from the 'average' settlers and the 
'below average' settlers. Once such distinction is made several 
policies, in particular those relating to extension services, aimed at 
lifting the yield function of the 'average' and 'below average' 
settlers, can be formulated. 
The measurement of management as the explicit variable in economic 
models is not without problems. However, its inclusion and estimation 
is necessary in order to reduce the problems of misspecification and 
management bias in the estimated yield coefficients and marginal 
productivities of physical inputs. 
Management bias usually occurs where both inputs and outputs are 
functionally related to a farmer's managerial ability and can be 
illustrated as in Figure 5.5 where f^ and f^ are two separate functions 
which discriminatejt^ose farmers with better management and those with 
a below average management ability, and f^ is the pooled function fitted 
to a series of observations on two farms," the one with good, the other 
FIGURE 5.4 
MANAGEMENT AND LABOUR INPUTS 
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with poor management. If the information on the management ability 
of each of these two farmers is not given, one could easily accept 
f^ as the production function rather than the two separate functions 
of f^ and f^. 
Several techniques for including management in the variable lists 
of a production function and quantifying it have been developed by 
Nielson (1962), Wirth (1964), Etherington (1973) and Muller (1974). 
For the purpose of this study, however, the Etherington (1973) model, 
originally developed for tea production, was adopted as the conceptual 
framework for quantifying the management ability of the settlers in the 
scheme because of its suitability to perennial crop analysis. 
Covariance analysis is used for estimating the regression coefficients. 
To take account of the management effect a separate dummy variable is 
included for each farm. This inclusion also strengthens the case for 
a least squares estimator because they can be assumed to take account 
of the errors in input measurement. By including the management dummy, 
the production function can now be expressed as, 
Q. = + + 5.5 ^it o oi oot k kit It 
where, 
6 is the farm effect coefficient of management for farm i. oi 
If the farm effect coefficients are found to be statistically 
significant one can then construct a managerial ability index. 
Earlier, Timmer (1970) adopted a procedure in which a management 
index can be refined by regressing it with factors that are likely to 
affect management if such data are available. Three such factors 
suggested in this study are: 
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(i) The amount of labour inputs in land preparation and 
planting and in maintenance of the trees during the 
development phase of the scheme, 
(ii) The ethnic group to which the settler belonged. 
(iii) The number of labour inputs in each household. 
In this section of the study, therefore, data utilised in the 
previous chapter are used and the above three factors in particular are 
regressed on the constructed efficiency index to obtain a new weighted 
management index M and, more importantly, to see if labour input in 
the development phase in particular is able to explain differences in 
management levels and consequently variations in output of settlers. 
If the relationship proves to be statistically significant, this new 
index will then be included as a new variable in the production function 
while, at the same time, the dummy variables remain in the function as 
a means of correcting the variations in physical environment. 
The models that have been specified so far are all of linear form 
based on the assumption that the inputs and outputs are all related by 
straight lines. The implication of the linear model is that the farm 
and year effects are purely additive and unrelated to the size of 
inputs. 
Although equation 5.5 is statistically sound, it faces the problem 
of economic misspecification. This is especially so if we consider the 
fact that the classic discussion of management bias by Mundlak and 
Massel, for instance, are all concerned with a Cobb-Doublas production 
function which is linear in its logarithms. The function in this form 
would be as: 
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It o oi oot k k \ i t it 
and in natural numbers as: 
= A A . A n X . a, E. 5 7 It o oi oot k \±t k it 
where, 
is the overall intercept. 
A . is the farm intercept, oi ^ 
A^^^ is the time intercept. 
This model assumed a constant elasticity of output with respect to 
input k. The A^^ or the management effect in this equation has a 
neutral multiplicative effect on the production function. This implies 
that the impact on total output that a good (or bad) manager has is 
greater with a larger input. While one can argue that this equation 
implies that the realisation of output of trees of a particular age is 
only possible with the existence of trees of other age groups, the 
entrance of the management effect is much more satisfactory than in 
equation 5.5 which suggests an extreme situation where a farmer can 
achieve some output of fruits (if + > 0) without any trees. 
In short, both the models (equation 5.5 and equation 5.6) 
expressed two extreme situations, thus providing no satisfactory 
estimating model. A more satisfactory model, as reformulated by 
Etherington (1973), would be expressing equation 5.5 in terms of yield 
as the dependent variable instead of output as: 
Q. S = Y = B' + 3 ' + Z 3' P, . + U. 5.8 
8 it oi oot ^^^ k kit It 
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where, 
"^ it ^^^ total yield achieved by farm i in year t. 
^ ^^^ the farm and year effect. oi oot 
^kit ^^ proportion of total trees in any age group k. 
is the 'ratio coefficient' and shows the contribution to 
total yield derived from the proportion of trees age k. 
U is the stochastic error term. It 
The farm effect in this new model thus shifts yield instead of 
output by the amount of the farm effect intercept and hence has a 
multiplicative effect on output. In the tea study this model was 
also proved to give a more efficient unbiased regression estimate than 
the linear model which faced the problem of heteroscedasticity of the 
residuals. 
In the current study, the linear model (equation 5.5) is adopted 
primarily because of the assumption that trees of different age have 
only an additive contribution to output. However, as mentioned 
earlier, this basic linear model is less satisfactory in view of its 
implication that output is still possible even without any trees. 
Furthermore, the assumption that no interaction exists among trees of 
different age groups may not be entirely true as there could be some 
interaction between them through the process of pollination of the 
afflorescences before the oil palm be'ars" fruit. As such, it is 
suggested that a multiplicative effect of trees on output is possible. 
To examine such a possibility, therefore, an attempt to fit the data 
into a Cobb-Douglas function would be made. In the tea study, the 
possibility of a multiplicative effect of trees on output was proved 
to be remote. To allow for the multiplicative effect of management. 
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however, an alternat ive model was formulated by rewriting equation 5.5 
in terms of yield as the independent variable (equation 5.8). The use 
of such a model would not be appropriate for the current study since 
would be constant for every year and every settler in the scheme. 
Equation 5.6 is thus the only other alternative model. 
5.4 Types and Sources of Data 
The general models indicate that the following data will be 
utilised for the statistical analysis of this chapter: 
1. Output data for a group of 23 settlers in the sample 
over the specified number of years. A combination of 
cross-section and time series data will be used for 
the covariance analysis. 
2. Planting data as in item 1. 
3. Labour input data for the settlers in the sample for 
the years 1968 to 1972. 
4. Planting and output data for 105 settlers for five years. 
This will be required for testing the appropriateness of 
the models. 
The data set consists of two parts. The first, composed of the 
planting and labour input records of the farmers in the primary sample 
of 23 farmers for a period of five yeara, is obtained from a survey 
carried out in the first block (Kapore) of the Papua New Guinea Oil 
Palm Settlement Scheme during the mentioned period. The data, together 
with the output data of the 23 farms obtained from the Harrisons 
Fleming Report, provides a combined cross-section, time series data 
matrix of 23 farms and 5 years. It will be used in the formulation of 
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the production model and the labour input data will be used to test 
certain hypotheses regarding the labour input mentioned earlier. 
A second set of data, comprising of planting and output data for 
105 farmers, also obtained from the Harrisons Fleming Report, will 
be used in the prediction of output for the whole settlement. 
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CHAPTER 6 
THE PRODUCTION FUNCTION ANALYSIS 
6.1 Summary of the Models 
The summary of the models discussed earlier are as follows: 
(a) Models with ADDITIVE year and farm effects -
8 
Model I Q.^ = 3 + 3 . + 3 + z 6, x ^ . + e . . It o oi oot , , k kit It k=4 
Model II Q. = 3 + 3 . + X 3, + It o oi , , k kit It k=4 
(b) Models with MULTIPLICATIVE year and farm effects (Cobb-
Douglas Model) -
Model III Q.^ = A^ A^. A^^^ X^^^ a^ E.^ 
Model IV Q.^ = A^ A^. X^.^ a^ E.^ 
wher e, 
0 is the output of fresh fruit bunches from farm i in year t. ^it 
y is the number of trees of age k on farm i in year t. kit 
3 is the yield coefficient of trees of age k years, that is, 
^ it gives the number of tons- of-fruits obtained from a tree 
of k years old (k=4 to 8). 
a is the production elasticity of trees of age k. 
k 
3 and A are the overall intercepts, 
o o 
3 and A are the 'farm effects' for the respective models. 
^oi oi 
3 and A are the 'year effects' for their respective models, 
oot oot 
e and E are the error terms of the respective models, 
it it 
TABLE 6.1 
RESULTS OF F-TESTS FOR THE INCLUSION OF FARM EFFECT AND YEAR EFFECT VARIABLES 
a b Farm Effect Farm and Year Effects 
Degrees Degrees 
of of 
Freedom F-ratio F Freedom F-Ratio F u*ux u*ux 
Kapore 23,88 6.74 2.03 4,84 0 ' 3.56 
a. The F-Ratio used is F = (Qj^  ~ where, 
Q^/(M - N - K) 
Q^ = e'e in a model with neither farm nor year effect variables. 
Q^ = e'e in the model with farm effect M is the number of observations. 
N = the number of farms and K the number of output coefficients. 
b. The F-Ratio used is F = ~ where, 
Q^/iM - N - (K+T)} 
Q^ = e'e in the model with farm effect, 
Q = e'e in model with farm and year effect. 
T = the number of year effect coefficients which is one less than the 
number of years of data in the time series. 
141 
6.2 Results 
As noted, Models I and III were specified with the year effects 
included as opposed to Models II and IV where these effects have been 
excluded. To test whether these variables are necessary for the 
study area, an F-test was carried out on the data to compare a model^ 
with neither farm nor year effect variables with Model II where only 
the farm effect variable was included. Similarly, Model I (with 
both the farm and year effect) was compared with Model II. According 
2 
to the F-test, e.g., F > F^, we can then accept the hypothesis that 
the models including more variables represent significant improvements 
over those excluding these variables. Table 6.1 shows the 
F = 6.74 > F = 2 for the farm effect, thus implying that the U • U X 
hypothesis that the farm effect variables should be included in the 
model should be accepted at the 99 per cent level of confidence. 
However, when Model I is compared with Model II, the result is not 
statistically significant. As such, the hypothesis that, in addition, 
the inter year (climatic) effect of variables should be included is 
rejected for this study. Based on these tests, therefore, only the 
models with the farm effect variables will be used to estimate the 
yield coefficients. 
1. The equation of the model is: 
8 
Q = 3 + Z 3, + it o ^^^ k kit It 
2. This implies that the calculated F value is more than the table 
value of F. 
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The parameters of Models II and IV were estimated by means of 
Ordinary Least Squares (OLS) and the results are shown in Tables 6.2 
and 6.3. Each individual yield coefficient was tested for significance 
with the t-test. 
The F-test was used to test for the overall significance of the 
fitted regression model. The results indicate that both models are 
significant even at a 99 per cent confidence level. The coefficient 
of multiple determination (R^) indicates the variation in total 
production accounted for by the model and it must be at least equal to 
0.5 for the model to be accepted statistically. In this study, for the 
independent variables considered under Models II and IV, the value of 
(R^) is significantly different from zero even at the 0.5 per cent 
level. The R^ for Model II is 0.8368 (adjusted R^ for degrees of 
freedom - R^ = 0.7886); indicating that variation in total production 
is explained largely by the independent variables included in the 
equation, that is, 83.68 per cent of the variation in total production 
has been explained by the independent variables in the model. The R^ 
for Model IV is lower at 0.8315 (adjusted R^ for degrees of freedom -
R^ = 0.7 817) implying that 83.15 per cent of the variation in total 
production has been explained by the independent variables in this 
model. At first glance, therefore. Model II gives a much better fit 
than Model IV.^ The unexplained 17 to 20 per cent of the variability 
of gross output may be due to other input factors which have not been 
accounted for by the models and to other specification and measurement 
errors. 
3 To further prove this, both models will later be used to estimate 
yield curves and results compared to see which of the two estimates 
has a lower error. 
TABLE 6.2 
YIELD COEFFICIENT AND MEAN FAR>I EFFECT 
COEFFICIENT OF MODEL II (LINEAR) 
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Item 
Year of maturity: 
5 
Coefficient Yield Coefficients' 
0.0496 
(4.5878) 
0.0853* 
(7.8835) 
0.0592* 
(3.8719) 
0.0828* 
(5.41II) 
Other information: 
Mean farm effect 
Intercept 
2 R 
Number of farms 
Observations 
o. 0.1090 
32.7326 
0.7886 
23 
115 
17.358 
Note: Figures in parentheses are t values, i.e., the ratio of the 
coefficient to the standard error. 
* Coefficient is significant at 1 per cent level, 
n 
6 = 2 3 • /M ^o. . T Oi/N 1=1 
a. The coefficients are in terms of tons per tree. 
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TABLE 6.3 
PRODUCTION COEFFICIENT M D MEAN FARM EFFECT 
COEFFICIENT OF MODEL IV (COBB-DOUBLAS) 
Yield Coefficient 
Year of maturity: 
5 a, 
a, 
Production 
elasticity 
0.0554 
(5.3343) 
0.0740* 
(7.1262) 
Yield 
coefficient" 
0.0321 
0.0429 
a. 0.0598 
(4.0702) 
0.0347 
cx, 0.0694 
(4.7302) 
Other information: 
Mean farm effect 
Intercept 
R^ 
Number of farms 
Observations 
a 
a 
0.004 
1.495 
0.7817 
23 
115 
16.697 
Note: Figures in parentheses are t-,.values. 
* Coefficients are significant at 1 per cent level, 
n 
a o. "oi/N 1=1 
a. The yield coefficients or the marginal product for trees of 
each age group is derived as: 
t 
3Q. 
3X. 
J 
'A 
3X. J 
= A X. a. o J J 
= a. A X. a J o J j-1 
a . A X. a . 
1 0 J 1 
X. J 
Marginal product = a. ^ 
J X. 
where, 
a . - production elasticity 
^ of trees of age j. 
Q^ - geometric mean of 
output. 
X. - geometric mean of 
^ number of trees of 
age j. 
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In Tables 6.2 and 6.3, IS the yield coefficient of trees of 
age k for Model II and a^ is the production elasticity of trees of age 
k for Model IV. As seen, only yield coefficients for four of the five 
age groups were estimated and presented. This is due to the fact that 
the number of trees of a particular age group is constant for all the 
settlers in the sample and to avoid the problem of a singular matrix 
the number of trees of the first age group was left out from the 
estimation. For both models, the individual yield coefficients and 
production elasticities are all significant even at a 99 per cent 
confidence level. Additional information includes the mean farm 
effects and the F-statistics. 
The production elasticities in Model IV proved to be statistically 
significant but the yield coefficients derived from these elasticities 
seemed much lower than those of Model II. However, to prove the 
possible existence or otherwise of a multiplicative effect of trees on 
output Model IV would also be used in the estimation of yield curves 
for Kapore. The results would then be compared with those of the 
additive model to see which of the two give a better prediction. 
It may be noted from both Tables 6.2 and 6.3 that the yield 
coefficient for trees of age 7 years is lower than that of 6-year old 
trees. This is a diversion from the yield curve as hypothesised in 
Figure 5.3. This could be due to the fact that the overall yield of 
the trees of this age group has been lowered by the contribution of 
the trees planted in the second 4-acre plot of each settler. If the 
yield coefficients of Model II are accepted as the actual yield 
achieved per tree by age in Kapore and compared with yield per palm 
experienced in Nigeria and Malaysia, one can conclude that the palms 
of Kapore are equally (if not more in some age groups) as productive as 
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those in Nigeria but a little less productive than the oil palm in 
Malaysia. Model IV, however, indicates yields which are lower than 
those achieved in the other two (Table 6.4 and Figure 6.1). 
6.3 Estimation of Smallholder Yields 
One of the objectives of this chapter was to test the production 
function model by using it to estimate the yields of the one hundred and 
five settlers not included in the sample used for this study. 
The importance of yield estimates of agricultural products have 
been emphasised by many analysts. These estimates are not only required 
at national level but also at the farm level. At the farm level, 
individual yield estimates of farmers are necessary as a tool for 
extension work while at the national level they are most useful for 
national development planning in general, or for other purposes such 
as application of international aid in particular. This is so 
especially in the case of a scheme such as the Hoskins Oil Palm Settle-
ment Scheme which is heavily dependent on public financing. To enable 
plans for expansion to be implemented, evidence of success of the 
scheme, such as estimates and projections of yields, needs to be 
submitted to the international agency concerned. These estimates would 
not only be of the whole country but also those of the individual 
farms because the agency would need to know the future yield prospects 
and hence loan repayment abilities of "the individual before they could 
be financed. 
As mentioned earlier, a settler in the scheme is assumed to have 
no other source of income and hence was provided with a loan to cover 
all his operating expenses. Loan repayments were made as deductions at 
the mill when settlers sell their fruit. It was estimated that each 
settler would complete his loan repayment by the eleventh year after 
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TABLE 6. A. 
YIELDS PER PALM BY AGE ACHIEVED IN KAPORE, NIGERIA AND MALAYSIA 
(in pounds of fruits per tree) 
Age 
of 
palm 
KAPORE 
(Papua New Guinea) 
Yield coefficients 
Model II Model IV 
NIGERIA^ MALAYSIA^ 
4 - - 39.9 59.9 
5 111.4 72.1 95.3 119.7 
6 191.6 96.4 125.6 179.0 
7 132.7 77.9 149.1 199.0 
8 185.9 180.4 134.2 239.0 
9 - - - 259.0 
10+ - - - 266.0 
Source: 1. Hartley (1967). 
2. Ministry of Agriculture and Co-operatives, 
Kuala Lumpur (1967). 
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FIGURE 6.1 
YIELD CURVES FOR OIL PALM IN KAPORE, NIGERIA AND MALAYSIA 
• 19,0 
Ibof 
Xi^O 
XXO 
Xoo 
\Zo 
ibO 
r lU-O 
lOO 
io 
UO 
AO 
rrNocVA Cc) 
<r (p 
ily/) 
-T-
7 2 10 
1 A 9 
planting. Calculations such as these would not have been possible 
without estimates of yields and prices. Furthermore, if fruit yields 
proved to be lower than estimated the period of repayment would be 
longer and the cost per tree higher. 
In addition, the NBPOD needs to make its own predictions of output 
in order to plan its factory capacity. It was estimated, for example, 
that milling capacity would have to be increased from 15 bunches of 
fresh fruit bunches per hour to fifty tons per hour in order to process 
all the estate and smallholder fruits. 
Finally, it is acknowledge that yield curves for different sub-
divisions in the scheme are important for costrbenefit comparisons and 
ultimately, national investment decisions. However, the scope and 
time limit of this current study do not allow the estimation of such 
yield curves. As such, only the yield estimation for Kapore was attempted 
by using the two production function models established earlier in this 
chapter. 
6.3.1 Introduction 
Prior to the discussion of the actual estimation procedure, the 
overall performance of the settlers in Kapore subdivision as a whole 
is compared to that of the sample settlers. Table 6.5 compares the 
average yield of all settlers in Kapore for the past five production 
years with the average yields of all sample settlers and of the ethnic 
groups. The table indicates high yields for Kapore subdivision in the 
initial year followed by a sharp drop in 1972/73 and a rising trend 
thereafter to 1974/75. However, in 1975/76 there was a fall in average 
yield by the sample settlers. From casual observation, one could 
generally conclude that the sample chosen for the survey is 
representative of the overall Kapore subdivision as far as smallholder 
TABLE 6.5 
COMPARISON OF YIELD PER ACRE 
(tons per acre) 
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Year 
No. of 
years 1 Kapore 
S A M P L E 2 
after 
planting Overall Chimbu Sepik Tolai 
1971/72 4 8.32 8.34 6.85 9.58 7.80 
1972/73 5 5.72 5.61 5.22 6.36 5.55 
1973/74 6 7.49 8.15 8.04 8.87 7.20 
1974/75 7 8.08 8.44 7.50 8.54 8.74 
1975/76 8 8.50 8.35 7.90 8.78 7.48 
Note: The average yield per settler per year in Kapore 
was calculated from the raw output data of all 
the 128 settlers collected by HF. 
The average yield of settler within the sample 
was calculated from the raw output data of only 
the 23 settlers included in the sample survey. 
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performance is concerned. The same trend was noted for yields of the 
Tolai settlers. When compared with the yields of the other two groups, 
the Tolai settlers were highest in years one and four but consistently 
lowest in the other three years. This, according to the Harrisons 
Fleming Report, was probably because many of the poorly exploited 
holdings were those of the Tolai settlers of whom it seemed many had 
other resources on the Gazelle Peninsula and are frequently absent from 
their holding. 
When yield per acre of settlers of different ethnic groups were 
compared with each other and with the overall sample, the Sepik settlers 
consistently showed the highest average yield throughout the 5-year 
period, followed by the Chimbu and the Tolai. 
6.3.2 Statistical Yield Estimates 
The following were utilised for this estimation procedure: 
(i) Actual plantings and output data for the 105 settlers 
of Kapore who were not in the sample used for estab-
lishment of the production function. 
(ii) Models II and IV of the production function of 
smallholder oil palm. 
Based on these two models, the following method of obtaining 
average yield estimates for Kapore was used. 
Generally, the prediction of this study were of an ex post 
nature. The coefficients of the production functions given as Models II 
and IV were utilised for estimating the yield curves and results 
compared. It should be recalled that although these coefficients pro-
vide a more objective basis for constructing yield curves, both were 
far from satisfactory and the results should therefore be interpreted 
with caution. 
152 
The yield curves for three years, 1973/74 to 1975/76, are derived 
by applying the yield coefficients of first the Additive and then the 
Multiplicative model to the total number of trees for each age group 
in the relevant year and to the sum is added the constant term (3 ) 
o 
and the mean or average farm effect (3 ,). 
Thus, for the Additive model, the prediction equation is: 
k=5 
where, 
Q^ is the predicted output in year t. 
X^^ is the total number of trees of age k in year t. 
is the yield coefficient used for year t. 
N 
3 is i=l 
and the Multiplicative prediction equation is: 
k=5 
where, 
q^ is log of predicted output in year t. 
Xj^ ^ is log of number of trees of age k in year t. 
a is the marginal product of trees of age k derived from 
.... 6.2 
kt the production elasticities, 
* In practice only outputs for years 5-8 are predicted. This is 
because the yield coefficient for k=4 is not available. It should be 
recalled that k=4 was dropped from the original regression because the 
first coefficient was simply a linear combination of the other four 
and its inclusion would have resulted in a singular matrix. As such, 
yields in years 4 and 5 could not be calculated since to estimate yield 
for year 5 one also requires the yield coefficient of trees of age four 
years. 
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a is the constant term, o 
a , is the mean farm effect, o 
The results of the statistical estimation reveal that only Model II 
represents a significant improvement over the Harrisons Fleming 
estimates. Yield estimates obtained by utilising Model IV, on the other 
hand, showed a much larger error than those of Harrisons Fleming. 
These results seem, therefore, to suggest that the possibility of the 
existence of a multiplicative effect of trees on output is not probable 
and a Cobb-Douglas model may therefore not be appropriate to describe 
the oil palm production function (Table 6.6). A comparison of the actual 
output achieved and the output predicted by Harrisons Fleming for 
Kapore indicate that actual output far exceeded the expectation of the 
planners. Such high cropping levels seem to suggest that the farmers of 
a predominantly subsistence economy such as Papua New Guinea could be 
successfully organised and geared into the production of a tree crop 
predominantly for the market. 
6.4 Analysis of Managerial Ability of Settlers 
6.4.1 Introduction 
In this section, an exposition of the farm effect coefficients is 
presented in relation to the managerial ability of the settlers. A 
detailed discussion of the marginal product of labour inputs in the oil 
palm scheme will also be carried out. 
It was mentioned earlier that the traditional production function 
of microeconomic theory is based on the assumption of the existence of 
technical efficiency. This assumption implies that all individual 
farms from any particular group of farms are operating on the efficient 
frontier of the production possibility set. As noted earlier, this 
TABLE 6 . 6 
PREDICTION RESULTS, VARIOUS MODELS, FOR KAPORE 
Year 
Number 
c 
of trees 
Actual 
output 
HF 
prediction 
Error^ 
% 
Model I I 
prediction 
Error 
% 
Model IV 
prediction 
Error 
% 
1973/74 50 , 400 7602 5759® -24.2 6887 -9.4 5266 -30 .7 
1974/75 50 , 400 8231 5542^ -32.4 7129 -13 .4 5347 -32 .0 
50 , 400 8648 6907^ -20 .1 7034 -18.7 6737 -22 . 1 
Weighted mean 
b 
error -25.5 -14 -29 . 1 
Note: 
Q -Q 
% error = t- t . 100 where Q is actual output and Q is predicted output. 
100 
Z Q - Q 
f t t 
Weighted mean error = 
c. 
d, 
e. 
f, 
This is the total for 105 settlers who were not in the sample used to formulate the model of production. 
Advisovy and Agronomic Re-port No.2 - 197A, p . 2 5 . The actual prediction was 88 ,000 tons for 1667 holdings. 
The average calculated 
was 52. 79 tons per holding. The prediction figure used is for 105 settlers only. 
Advisory and Agronomic Report No.2 - 1974, p . 3 0 . 
Ibid. : , No.3 - 1975, p . 4 8 . 
Ln 
155 
assumption is unrealistic and, as such, 'farm effect' variables have 
been explicitly included in the production function model to account 
for the differences in technical efficiency between farmers. In other 
words, the incl usion of these variables would enable one to compare 
the relative efficiencies of different farmers as well as avoiding the 
statistical problem of management bias in the regression estimates. 
However, before any detailed discussion of the management effect 
coefficient of the regression model is made, recent information on 
settler efficiency in Kapore collected independently by the now 
Department of Primary Industry of Papua New Guinea'^ and Harrisons 
Fleming^ will be presented and later compared with the findings of this 
study. 
6.4.2 The HF and DPI measures of technical efficiency of settlers 
It has long been recognised by the Harrisons Fleming Advisory and 
Agronomic Committee that the success of the oil palm settlement scheme 
depends, amongst other things, on the management ability of the 
settlers. This is especially so in a scheme where equal physical 
inputs are allocated per settler. 
As such, the committee, in conjunction with the DASF, has tried 
to formalise the collection of information on managerial efficiency 
with a yearly inspection of selected settler holdings followed by the 
preparation of a field report, since 1973. Additionally, since 1976, 
block assessments have been made by project staff at quarterly intervals, 
4. The abbreviation 'DPI' will be used to refer to this department 
from now on. 
5. Similarly, the abbreviation 'HF' will be used for the rest of the 
study. 
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The purpose of such inspections and the following report are fourfold: 
1. to provide the scheme authority with information on the 
overall progress and problems of the scheme; 
2. to provide information on the cultivation and 
maintenance standards of each settler block; 
3. to collect and collate information on individual 
settler yields under the scheme; and 
A. to recommend practical solutions to settler problems, 
in particular: 
to recommend general management practice for 
different categories of settler holdings in 
relation to overall organisation of particular 
subdivisions, and the scheme as a whole.^ 
In general, the major purpose of this inspection is to enable the 
Advisory and Agronomic Committee for the scheme to obtain information 
on the physical progress and agricultural and agronomic problems of the 
scheme and the management and human elements involved in the scheme, 
following which a comprehensive yearly report is compiled and sub-
mitted . 
The information on cultivation standards of the individual 
settlers are collected by both the HF and the DPI staff. 
Different grading systems are used by these two different bodies. 
DPI used a marking system which can be summarised as follows: 
6. Advisory and Agronomic Report No.2, 1974, 'West Nakanai Oil Palm 
S cheme', p.8. 
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Pollination 20 
Pruning 20 
Ringing 10 
Fertiliser 10 
Access 15 
Time on block 5 
General 
maintenance 10 
Maximum possible 
plus marks 90 
The measure used by HF is more complicated. In their weighting 
system they have broken down the points awarded on fertiliser usage 
into six sub-categories, and the ratings used are more detailed than 
those of the DPI. Their rating system and the detailed grades given 
to seven of the settlers in the sample used in this study, which were 
also included in their sample, are shown in Appendix III. 
In comparing the two measures used by HF and DPI to grade the 
overall cultivation standards of settlers in Kapore, several points can 
be noted. 
Firstly, as shown in Table 6.7, both were in agreement as to the 
number of settlers who could be considered to be 'good settlers', both 
graded 15 per cent of the settlers as A. As far as the percentage of 
average settlers, or B, is concerned, HF showed a higher figure than 
DPI. DPI seemed to have downgraded the settlers more than HF since 
the DPI figure showed a higher percentage of 'below average' settlers 
than that of HF. In general, it can be said that in Kapore the HF 
assessment indicated a higher standard of management than assessed by 
the DPI. The pollination standard comparisons of Kapore, however, 
showed that DPI had a higher percentage of 'above average' and 'below 
TABLE 6 .7 
COJMPARISON OF GRADINGS FOR BLOCK MANAGEMENT MADE BY DPI /VND HF IN 1974 
Subdivision 
Identical 
rating 
% 
A 
DPI 
% 
HF 
% 
B 
DPI HF 
% 
DPI HF 
% 
KAPORE 
1. Overall 
2 . Pollination 
50 
15 
15 
15 
12 
47 
61 
70 
69 
38 
24 
15 
19 
00 
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average' settlers but a lower percentage of 'average' settlers than 
the HF. 
Prior to the discussion of the statistical measure of technical 
efficiency, some differences between the HF and DPI measure of 
efficiency and that obtained from the covariance analysis should be 
considered. 
One major difference exists in the rationale underlying the two 
measures. The farm effect coefficient or 3 .'s obtained from the 
01 
estination of the production function indicated the shifts in yields 
from one farm to another. They are therefore a measure of efficiency 
within any one area over an aggregated period of five years (1971-
1975) and the initial yield intercept of the production function. 
The DPI and HF type of measure on the other hand is a yearly 
grading of efficiency recorded differently for each different year. 
In addition, the weighting system used by HF and DPI was not 
based on yield differences, unlike the farm effect coefficients 
of the covariance analysis. For consistency in comparison, therefore, 
one solution that can be proposed would be for them to give greater 
weights and penalties on those factors which particularly influence 
yields. For example, the following points system would have been more 
appropriate: 
A B C 
Pollination 8 ' 4 0 
Pruning 8 4 0 
Time on block 8 4 0 
General maintenance 6 3 0 
Maximum possible 
plus marks 30 
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It should also be noted that at present the HF and DPI used one 
single marking system for all the seven^ subdivisions in the scheme. 
A more appropriate system would be to modify this by introducing a 
different marking system for each division, taking care to incorporate 
differences in climate, soil types and slopes and other particular 
constraints existing in each division. 
6.4.3 Types of efficiency 
The whole core of economic theory is concerned with the maxi-
misation of some function subject to certain constraints. One such 
example is of the farmer maximising his net revenue subject to given 
factor and product prices and his technical production function. In 
his maximisation process however, he may be faced with the failure due 
to two important factors. First, he may not succeed because he is 
allocatively inefficient or second, he may fail because of his technical 
inefficiency. As such, there are two components of economic efficiency: 
one physical or technical efficiency and another related to input 
prices. 
Technical inefficiency was defined by Liebenstein (1966) as the 
inability of firms or economies to operate on an outer bound production 
possibility surface, constructed with their resources. Similarly, a 
firm is more technically efficient than another if it consistently 
produces a larger output, given the same quantity of measurable inputs. 
In short, technical efficiency has been defined in terms of minimising 
factor inputs for any given output. 
7. These are Kapore, Tamba, Sarakilok, Buvussi, Galan, Kavin and 
Kavugara. 
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Allocative inefficiency, on the other hand, refers to a situation 
when the marginal revenue product of some or all factors might be 
unequal to their marginal costs. Allocative efficiency has been the 
central issue in microeconomic theory and hence has received more 
attention than technical efficiency. Recently, however, several 
economists such as Yotopoulos (1967) Lau and Yotopoulos (1971, 1973), 
Etherington (1973) and Muller (1974) have suggested and attempted to 
prove that non-allocative efficiency or technical efficiency is the 
more important component of economic efficiency. 
To distinguish the different components of economic efficiency, 
the Farrel example is illustrated. Consider the case where the farm is 
producing one output with two inputs, L^ and L^, under conditions of 
equal access to the most efficient techniques, but some farms are more 
proficient at using this technique than others. Production function is 
represented by I - I in Figure 6.2. M^ denotes the optimum combination 
of L, and L^ required to produce a given output. At this point, P^ - P^ 
or the relative price line is therefore tangential to I - I. 
If the farm is not producing on I - I, but is instead producing at 
K, the distance OK relative to OM would then show how the same output 
could be produced using less of L^ and L^. This ratio is, in fact, a 
measure of 'technical efficiency'. Similarly, the ratio OS to OM 
measures the degree to which input prices would be changed if the same 
output were produced using a different input combination. The second 
ratio indicates 'price efficiency'. 
Referring to Figure 6.2 thus. 
(a) Technical efficiency 
(b) Price (or allocative) effiency 
OM 
OK 
OS 
OM 
(c) Economic efficiency) . - ^^ Q^ J -
FIGURE 6.2-
PRODUCTIVE EFFICIENCY 
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where, 
Qj^  IS a measure of the economic efficiency of resources 
utilisation 
iri the farm—firm at production point Kj 
compared to the optimum of M, where the value of the 
index is unity. 
The discussion of the model of efficiency is in terms of con-
ventional economy where the optimum is on the boundary of the isoquant 
while the theoretical models of subsistence affluence elaborated 
earlier suggested that economic units do not have to operate on the 
production possibility frontier in order to achieve 'bliss'. The 
following analysis will attempt to reconcile the conventional 
economic model of efficiency with the affluent models of Stent and 
Webb, etc., by establishing whether low hours of work and low yields 
would actually result when the settlers' labour/leisure allocation stops 
short of the production possibility frontier as implied by the internal 
'bliss' point model. 
6.4.4 Measurement of technical efficiency by settlers 
From the production function results of Table 6.2, four different 
indices of technical efficiency can be derived for the sample settlers. 
The indices, along with the rankings of each index, are reported in 
Table 6.8. 
The first index in column (1), is simply the farm intercepts 
of production Model I. This intercept contains the farm effects that 
persist over time and determine the position of each farm's 
production function relative to all other farms. Although this is not 
the actual measure of efficiency, some index of technical efficiency 
can be generated from it. 
TABLE 6.8 
TECHNICAL EFFICIENCY RATINGS 
6 (1) M, (2) „,(3) M. M. < = > Ol il J 12 i3 
Farm Efficiency Efficiency Efficiency Efficiency Efficiency 
Number Rating Rank Rating Rank Rating Rank Rating Rank Rating Rank 
12 346 13.2 1 100.0 1 12.36 1 100.0 1 97.5 1 
6 308 13.0 2 98.5 2 12.35 1 99.6 2 88.9 4 
3 267 12.6 3 95.5 3 12.36 1 98.9 3 70.5 18 
21 387 12.2 4 92.4 4 12.36 1 98.2 4 86.3 6 
17 370 10.8 5 81.8 5 12.36 1 95.7 5 86.6 10 
23 390 6.0 6 45.4 6 4.92 2 88.2 6 79.9 7 
4 296 5.4 7 41.0 7 4.92 2 87.1 7 88.2 5 
10 340 5.2 8 39.4 8 4.92 2 85.7 8 78.2 9 
1 257 4.0 • 9 30.3 9 4.92 2 83.6 9 93.6 3 
7 310 4.0 . 9 30.3 9 4.92 2 83.6 9 61-. 9 19 
20 381 2.6 10 19.2 10 +0.84 3 81.1 10 71.1 17 
22 389 2.4 11 18.2 11 -0.84 3 80.7 11 79.4 8 
2 259 -1.2 12 -9.1 12 -0.84 3 74.3 12 74.8 13 
5 303 -3.6 13 -27.3 13 -0.84 3 70.0 13 73.3 15 
8 336 -4.8 14 -36.4 14 -0.84 3 67.9 14 43.0 21 
13 351 -4.8 14 -36.4 14 -5.96 4 67.9 14 72.0 16 
15 359 -4.8 14 -36.4 14 05.96 4 67.9 14 74.6 14 
9 339 -5.0 15 -37.9 15 -5.96 4 67.5 15 76.3 11 
14 356 -5.6 16 -42.4 16 -5.96 4 66.4 16 94.5 2 
11 344 -9.6 17 -72.7 17 -5.96 4 59.3 17 75.9 12 
18 37 4 -20.8 18 -157 .6 18 - - 39.3 19 58.7 20 
16 362 -28.8 19 -218.0 19 - - 25.0 19 39.5 22 
ON 
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Three such indices are M^^, M^ and M^^ Table 6.8. To calculate 
the following formula is used: 
3 . 
Mil = ^ • 100 .... 6.3 
oH 
where. 
oH is the farmer with the highest farm effect. 
However, this measure of technical efficiency is far from 
satisfactory. As seen in column (2) of Table 6.8, the range of 
technical efficiency of the settler is widened to between -218 and 100. 
The actual yield observations of the sample indicated that the average 
yield of the settler ranged from as low as 2.75 tons per acre to as 
high as 10.75 tons per acre. Thus, when the management effect of the 
'best' settler is compared with that of the other settlers, a wide 
range of technical efficiency was found to exist among them. 
To avoid the problem of comparing the settlers only to the 'best' 
settler in the sample, another method by which the differences in 
technical efficiency of the settlers was quantified was by dividing 
the sample into four even groups by the rank of their farm effect 
coefficient (Etherington, 1973). The settlers which fell in the first 
quartile were then assumed to be the technically efficient settlers. 
Mathematically, the efficiency factor for each quartile range was 
calculated by using the following formula: 
k 
M = ^oi (for j=l, ..., 4) .... 6.4 
j izi kN 
where. 
M is the mean of the interquartile range j. j 
N is the number of households in the sample. 
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The values of M^ for each farm are shown in column (3) in Table 
6 . 8 . These give an estimate of four different efficiency levels for 
the sample settlers in Kapore, the highest of which could be taken to 
represent the technically efficient settlers. The rest represent 
settlers who are the 'average' and the 'below average' settlers. 
Although M^ avoided the problem of extreme values, it st i l l did not 
manage to overcome the problem of having values of M. of negative sign. 
As such, a normalised efficiency factor needed to be devised. One 
possible index proposed in this study was derived by using the formula: 
M 
12 
3 . 01 
+ 
^OL 
+ 14 
^OH 
+ 
^OL 
+ 14 
100 6 . 5 
where, 
OL 
OH 
lA 
is the absolute value of the lowest management effect 
coefficient. 
is the absolute value of the highest management effect 
coefficient. 
is the value added to both the numerator and denominator 
so that the lowest 3 . can be expressed as 25 per cent 
oi g 
and the highest as 100 per cent. 
8. The following formula was used: 
= 0 .25 
6 O L 
+ X 
e O H - ^ POL 
+ X 
By substituting = -28.8 in the above equation, 
-28.8 + 2 8 . 8 + X = 0 .25 (13 .2 + 28 . 8 ) + 0 .25x 
X -0.25X = 10.5 
X = 14 
16 7 
provided us with a normalised efficiency factor which enabled 
the eff iciency of the settlers to be arbitrarily located ranged between 
25 per cent and 100 per cent. Amongst a l l four indices this seemed to be 
the most satisfactory especially because: 
and 
(1) > 0 
i2 
(2) 25 < M.^ < 100 
— i 2 — 
Finally , it should be noted that in a l l the indices of technical 
efficiency of settlers discussed so far , the effect of differences in 
physical environment on production have been assumed to be incorporated 
together with the efficiency factor. It has been, in fact, a frequent 
criticism that in most applications of the frontier model to 
agriculture almost a l l differences in efficiency were attributed to 
soils and climate or micro-differences in ecology (Timmer, 1970) . By 
not excluding these differences from the management effect problem of 
speci f ication , bias often arose in most cases. For this study, an 
attempt is made to avoid such problems by using an approach proposed 
by Timmer to separate the effect of differences in physical environment 
from the efficiency factor. This procedure (an extension of (4) in 
Table 6 , 8 ) involves the regressing of data on factors that are hypo-
thesised to affect management on the index M^^ to obtain a weighting 
system for a new index of management ' ^he 
impact of the physical environment which falls into the error term. 
Thus, i f M . ^ , or that part of the efficiency index accounted for by 
'management' factors, is found to be statistically s ignif icant , it can 
then be used to estimate an unbiased production function where the 
extra input is the management index M^^. i s left in the equation 
as a measure of the physical environment and consequently to eliminate 
any specif ication b ias . 
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Based on Tiiraner's proposal and within the context of the available 
data, it is hypothesised in this study that soiih of the variations in 
technical efficiency could be explained by the amount of labour input 
contributed by each settler in land preparation and planting of oil 
palm and labour input in general maintenance of plot per settler in the 
first three years, differences in household composition and the ethnic 
group to which the settler belonged. 
Thus, 
= f^^LPP' V ^ ••• •••• 6-6 1 
where, 
is the normalised efficiency index for each settler 
^ (column 4 in Table 6.8). 
L ^ p is the total man days put in land preparation and 
planting of oil palm. 
L^ is the total man days put in general maintenance of 
holdings in the first three years of the scheme. 
H^ Household composition of the settler family. 
This is classified as either -
Single (1) 
Married (2) 
Married with children (2.5). 
Finally, the effect of E^ or ethnic group of the settler on the 
efficiency index is identified by the specification of a dummy variable. 
In this study, four ethnic groups have been identified among the 
settlers and dummy variables were assigned as in Table 6.9. 
In this case, only three variables E^ to E^ were included in the 
regression analysis; E^ being excluded to avoid the problem of a singular 
matrix. 
TABLE 6.9 
ETHNIC GROUPS 
Ethnic 
groups 
Variables 
E 
Chimbu 1 0 0 0 
Sepik 0 1 0 0 
Tolai 0 0 1 0 
Others 0 0 0 1 
CTN 
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The general form of the Cobb-Douglas function model used to 
estimate the impact on efficiency of various variables in equation 
5.12 is: n 
M,. = a n X... 3. .... 6.7 
o . i 2 i 1 1=1 
or the implicit functional form: 
or 
n m 
M.. = a n x.„. 3. n 3, e.„ i2 o . , i2i 1 , ^ i2h h i2 x= 1 h=1 
subject to, 
^i2i ^^ ^^^ amount or characteristics of physical 
inputs hypothesised to affect 
is the exogenous dependent variable hypothesised 
to affect M.^ (all dummy variables). 
which, transformed to logarithms, becomes the simple linear equation: 
n m 
= a + Z 3. X... + Z 3, X + e ....6.8 i2 o . , X i2x , T h izh i2 1=1 h=l 
where. 
M.^ is the log of efficiency index of farm i. 
X. is the log of labour input in land preparation and 
planting of oil palms. 1 
X is the log of labour inputs in maintenance of the 
^ plot for the initial three years of the trees' life. 
X^ is the log of household composition. 
X Ethnic group dummy variable 3^ is the constant term and 
3. and 3 are the coefficients of the dependent variables, i h 
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A summary of the estimted coefficients and the related statistics 
(Table 6.10) shows that the dependent variables are able to explain 
about half of the variations in 'technical efficiency' (R^ = 0.4886). 
The explanatory factors are not those normally related to differences 
in efficiency but several possible reasons for their significance/ 
insignificance can be suggested. 
The coefficients of the ethnic grouping dummies are highly 
significant at between 95 and 98 per cent confidence level. These 
statistics suggest that ethnic grouping of the settlers contribute 
significantly to inter-settler variations in technical efficiency. 
This finding seemed to be consistent with that of Chapter 4 in which 
it was found that the mean labour input in oil palm of the Chimbu 
settlers was different from that of the Sepik settlers and the Tolai 
settlers. Thus, based on these two findings it can be concluded that 
the technical efficiency of the settlers is indirectly correlated to 
the mean labour inputs of the settlers in oil palm. 
Next in significance is labour in maintenance of individual plots 
during the development phase (X^)• The coefficient suggests that the 
higher the number of days worked by the settler on maintaining the 
holding, the higher is the efficiency level. This is perfectly 
plausible because the more labour input contributed to the maintenance 
of the holding, the better looked after the holding will be and hence 
the more efficient the settler becomes. This possibly explains the 
significance of this variable. As an alternative to this variable, the 
'number of days spent away from the holding' could be introduced as a 
dependent variable in the function on the rationale that there may be 
an inverse relation between the number of days worked off the holding 
and technical efficiency. This may exist for two reasons. 
TABLE 6.10 
ESTIMATED COEFFICIENTS OF 'PRODUCTION FUNCTION' FOR EFFICIENCY 
Input 
Coefficients 
(3) 
Standard error 
of 3 
t-value 
Labour preparation 
and planting 
Labour in maintenance 
Household composition 
Chimbu group 
Sepik group 
Tolai group 
-0.02047 
0.1757 
-0.116 
0.2559 
0.2548 
0.2374 
0.0695 
0.0966 
0.2199 
0.0992 
0.0978 
0.1020 
0.2950 
1.8288' 
0.5275 
2.5796' 
5 
2.6053 
2.32 75' 
*** 
•k* 
Constant (log) 
R^ 0.4886 
F-ratio 2.752 
Number of observations 22 
*** 
•k-k 
•k 
Indicates highly signific ant even at the 2 uer cent level. 
Indicates significant at the 5 per cent level. 
Indicates significant at least at the 10 per cent level. 
NJ 
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First, harvesting was often badly done in the settlers' absence; and 
second, over the same period pollination was neglected often resulting 
in low crops about five to six months later. The actual number of days 
spent by a particular settler away from his holding denotes an attitude 
signifying the importance of the oil palm crop to him. 
Finally, the variables, household composition (X^) and labour 
input in land preparation and planting over the development phase (X^), 
were found not to be significantly different from zero, and so do not 
contribute to an explanation of inter-settler variations in technical 
efficiency. 
The original motivation for including household composition in 
the function was to test the proposition that a direct relationship 
might exist between family size and technical efficiency. The 
estimated coefficient was therefore expected to be positive. The fact 
that it is negative suggests that this is not necessarily so. In fact, 
it was reported that a single man, or a man and his wife^ in this 
settlement could exploit the whole oil palm area in holding at good 
management standards, while on the other hand, some large families 
found it too much to handle (Advisory and Agronomic Report, 2.7.74). 
The new predicted efficiency factor M^^ constructed for each of 
the sample settlers, together with its ranking, was then compared with 
the original efficiency index M^^ shown in columns (4) and (5) of 
Table 6.8. One interesting point which arose out of this comparison 
is that the highest and lowest M^^ in column (4) was also predicted to 
be the highest and the lowest M^^ in column (5). In general, the 
rankings of the predicted M^^ are not much different from that of M^^ 
implying that the function specified was able to give a reasonably 
good prediction of efficiency levels of the settlers. Two settlers. 
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who were shown to be consistently 'bad' by the farm effect coefficients 
were also predicted to be bad, as shown in column (5) of Table 6.8. 
These were settlers of blocks numbers 374 and 362, each from the Tolai 
and Chimbu ethnic group respectively. One significant feature common 
to both blocks was that both these settlers were away from their blocks 
for considerable periods. Consequently, both holdings were either 
overpruned or underpruned, irregularly pollinated and poorly maintained. 
Furthermore, the second four acres developed in both blocks were found 
9 to have been neglected and not properly fertilised. 
Finally, it is worth noting that a listing of the efficiency 
gradings of HF and DPI in 1974 and 1975 and the predicted efficiency 
factor of this study for seven settlers who were included in the samples 
of all three bodies indicates that there is some degree of conformity 
between the grades. This can be seen in Table 6.11. For settlers on 
block 374, for example, HF and DPI have given them a grade C in both 
years while the regression analysis predicted its efficiency rank to be 
20 out of 22 in the sample. 
5.5 Relationship between Labour Inputs in the Production Phase and 
Output of Oil Palm 
Oil palm is a highly labour intensive crop. This is especially so 
in view of the intricate field work required during the early life of 
trees^*^ such as pruning, weeding, manuring and general maintenance of 
the trees. These labour needs are intensified in the production phase 
for hand pollination and fruit harvesting activities. Pollination 
9. From reports on individual settlers compiled by DASF staff. 
10. See sub-section 5.1.2 for details of the field operations. 
TABLE 6,12 
COMPARISON BETWEEN TECHNICAL EFFICIENCY RATINGS* OF THE Hi\RRISONS FLEMING SURVEY 
AND THE DPI SURVEY AND THE PREDICTED MANAGEMENT INDEX (M^) OF THE CUREIENT STUDY 
Farm Number 
HF 
Efficiency 
Grade 
1974 1975 
DPI 
Efficiency 
Grade 
1974 1975 
Mi 
Ef ficiency 
Index 
AAA 
Efficiency 
Grade Rank 
259 B B C C 74.8 B 13 
310 B B B B 61.9 C 19 
344 B B B C 75.9 B 12 
351 B A B B 72. 8 B 16 
374 "c C C C 58.9 C 20 
389 • A B B C 71.1 B 8 
390 A B B C 79.9 B 7 
* The grade used for comparative purposes in this table 
is that reported for the years 1974 and 1975. 
** Department of Primary Industries of Papua New Guinea, 
Grade *** For Management index 
82 - 100 
66 - 81 
25 - 65 
A 
B 
C 
Ln 
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and harvesting labour are consistently required throughout the years 
since assisted pollination and harvesting are continuously carried out 
during the year. In Chapter 5, current labour inputs were seen to 
comprise of labo ur in hand pollination and labour in harvesting. 
The practice of hand pollination proved to have a positive effect 
on yields in areas with consistently high rainfall such as in Sumatra 
(Hartley, 1967). Experiments carried out in the coastal areas of 
Malaysia also indicated that hand pollination resulted in an increase 
in the number of bunches set and fruit to bunch ratio. Based on these 
findings it is postulated in this study that labour in hand pollination 
is one of the independent variables determining fresh fruit production 
levels. This is especially so considering the fact that the Kapore area 
of Papua New Guinea is a region of consistently high rainfall. ^^ 
However, statistical analysis cannot be performed to test the postulated 
relationship between labour inputs in hand pollination and output since 
no such data is available for the sample farms studied. 
Labour input in harvesting, however, was suggested to be deter-
mined by output levels and could be excluded from the specified linear 
production function. The main objective of this section is thus to 
test the validity of this assumption. 
6.5.1 Marginal productivity of labour 
Labour inputs in oil palm product-ion- can be divided into a number 
of operations, namely, those related to the establishment of the holdings 
such as land preparation, planting of oil palm and development of ground 
11. In 197A, for instance, Kapore received a total of 2759 mm of rain 
and 112 days of rain for the whole year. 
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cover crops, those related to general maintenance both of which can be 
aggregated as labour inputs in the development phase and finally labour 
input in hand pollination and harvesting during the production phase. 
Prior to this, it was established that labour in maintenance, 
particularly,is highly related to the technical efficiency of the 
settlers. Earlier on, it was also discovered that technical efficiency 
provided a significant explanation for variations in settler output. 
In this context, it can therefore be concluded that the effect of labour 
in the development phase on output has been explicitly accounted for in 
the production function. 
As far as labour inputs in the production phase is concerned, the 
relationship of hand pollination labour to output cannot be statistically 
tested due to the paucity of data. Thus, only the assumption made on 
the relationship between output and harvesting labour was tested by using 
regression analysis to estimate the following equation: 
4 
Q = e + S 3. L. . + U. 6.9 i o J ji X 
where, 
Q. is the yearly output of fresh fruit bunches on farm i 
^ (in tons; i=l, . . . , 23) 
g is the intercept term. 0 
3. is the marginal product of labour type j (j=l, 4). 
L is the total input of labour type j on farm i in man days, 
ji 
U error term. 1 
Data for output and harvesting labour inputs used in the regression 
analysis were those of 1971, the first harvesting year for the scheme. 
178 
The types of labour input (L^) are as follows: 
L^ ^ man hours per annum of a male labour input in harvesting, 
Lp man hours per annum of a female labour input in harvesting. 
L^ man hours per annum of a child labour input in harvesting. 
Lj^  man hours per annum of outside labour input in harvesting. 
Ordinary Least Squares regression techniques were used to estimate 
the above equation. The main assumption underlying the use of equation 
6.6 is the neutrality of regression analysis with regard to the 
12 
direction of causation. As such, Q = F(L) can be assumed to be 
synonymous to L = F(Q). Two other assumptions considered to be 
fulfilled in order to achieve consistent and unbiased estimates were: 
E(U.) = 0 1 
E(Uj'Uj = a for i^j (i, j=l, ..., n) a^ for i=j (i, j=l, ..., n) 
These assumptions were of particular importance because the 
measurement of the labour inputs in the survey cannot be assumed to be 
without error. An assumption that these errors are independent of L^ 
was therefore made implicitly. 
The results of the regression are as shown in Table 6.12. 
As stated earlier, the 3^'s are the marginal product, or rather the 
work r a t e s o f labour of each type. As indicated by the t-values 
3L. J 
only the work rates of child labour and outside labour seem to be highly 
significant at between 95 to 99 per cent confidence level. 
12. Although in OLS, interchanging dependent and independent variables 
would result in different coefficients because of the direction in 
which the errors are estimated, this is still assumed to be valid for 
the present case because the multiple labour inputs do not enable us to 
estimate these inputs from outputs. 
TABLE 6.12 
ESTIMATED COEFFICIENTS OF EQUATION 6.9 
Coefficients Standard error t-value 
Input 
(3) of 3 
Male labour 0.004 0.0101 0.396 
Female labour 0.014 0.01095 
*** 
1.278 
Child labour 0.027 0.0110 2.454 
Outside labour 0.026 0.0044 5.920* 
Constant 12.687 
R^ 0.7903 
F-ratio 16.0174 
Number of observations 2 3 
* Significant at 1 per cent level. 
** Significant at 5 per cent level. 
*** Significant at 40-50 per cent level, 
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This is followed by that of female labour which is significant at 
about 50 to 60 per cent confidence level. The table also showed that 
the child labour rates have the highest product per hour, followed by 
outside labour. The high productivity of child labour seems unusual 
but not if the children were above 17 years of age. However, in view 
of the lack of information on the age structure of the settler 
families, this could not be validated. The low and insignificance of 
13 
the male labour marginal product could be attributed to the fact that 
most settlers spent a lot of their time away from their block during 
harvesting time, either to visit original homes or on other business 
in other areas. The work rates of child and outside labour were 
highest and most significant. The high work rate of outside labour 
was not unusual because those who give assistance in harvesting would 
obviously be interested to do so and hence would try to harvest as 
much as they could for every hour they contribute to their fellow 
settlers. 
The close fit of equation 6.9 especially confirmed the hypothesis 
that output of fresh fruit bunches of oil palm is highly correlated 
with labour input. The line of causation cannot, however, be 
established but can only be deduced from the logic of the production 
process. The higher work rate of outside labour is a sufficient 
indication that labour input in harvesting depends on the output of 
fresh fruit bunches. This is especially'so in view of the fact that 14 
more outside labour was utilised once harvesting of the fruits have 
started. Hence, it is valid to say that labour input is jointly 
determined by output and by the other inputs. 
13. This, according to Etherington (1973) should be thought of more 
as 'work rates'. 
14. This is also true for those settlers with low yields in 1973/74. 
For instance, the settlers whose yield Was less than 3.5 tons per acre 
had between 47 and 50 per cent of labour in harvesting coming from 
outside labour. 
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6.6 Conclusion 
Several conclusions can be drawn from the foregoing analysis. 
First, the fresh fruit bunches production in the settlement scheme was 
found to be highly correlated with the number of trees and the age of 
these trees. In addition, the results of regression analysis also 
indicated that the management ability of individual settlers strongly 
influenced their output. This was particularly evident since there 
was no variation in the number of trees per settler and in other physical 
inputs. 
Second, in view of the importance of yield estimates for efficient 
planning of expansion of the oil palm settlement scheme, an attempt was 
made at deriving such estimates of an 6X post nature by using the 
models of production function established. The yield estimates derived 
indicated a better prediction than that of HF. As such, it can be 
concluded that a production model that incorporates the age 
distribution of the trees and the farm effect coefficients for each 
farm would provide HF with output predictions that would represent an 
improvement over their own method of estimation. This would 
consequently improve their method of calculating loan repayment 
schedules, of phasing their mill construction and transport requirements 
for the crops in the most optimal way possible. 
Third, in trying to derive an index of technical efficiency for 
the settlers by using Timmer's analytical approach it was discovered 
that man days per settler in land preparation and planting and in 
maintenance of trees, differences in household composition and in 
ethnic grouping were able to explain about 49 per cent of the variations 
in settlers' technical efficiency. Among these variables, however, 
man days per settler spent in maintenance of holdings and differences in 
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ethnic groupings were highly positively correlated with efficiency 
while household composition was found to have a negative but insignifi-
cant effect on efficiency. Later, it was also discovered that 
difference in managerial efficiency among the three ethnic groups could 
be related to their respective yields. The Sepik settlers, for example, 
were found to be the most efficient while at the same tiiTK their yields 
were consistently the highest among the three groups in all five years 
that the data were available. The reverse seemed to be true of the 
Tolai settlers. The suggestion made by Timmer that M. could then be 
regressed along with the initial dependent variables to output ' 
however, was not carried out in this study because the overall 
significance of equation 5.14 was not more than 0.5. This could be 
attempted if information on other factors that would affect management, 
such as age structure, general educational background, past experience 
of individual settlers and their knowledge of farming, were available. 
Finally, an examination of the work rates of labour of different 
types using regression analysis indicated that the work rate of outside 
labour, female labour and child labour are significantly different 
from zero at between 60 to 98 per cent confidence level. Child labour 
showed the highest product per hour during harvesting while the work 
rate of outside labour seemed to be the most highly significant. This 
implied that mutual assistance from settlers of the same ethnic group 
played a very significant role during'harvesting. Furthermore, a 
number of settlers often chose to be absent from their blocks during 
such times, thus accounting for their insignificant contribution to the 
labour input during harvesting. 
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CHAPTER 7 
SUMMARY AND CONCLUSIONS 
The Cape Hoskins Oil Palm Land Settlement Scheme was established 
by the Government at the suggestion of the International Bank for 
Reconstruction and Development with the primary objectives of promoting 
the economic development of Papua New Guinea in general, and utilising 
the unexploited land resources of the country in particular. In so 
doing, the Government indirectly shifted some of the available labour 
into a scheme where agricultural production is predominantly for the 
market. 
This scheme, the first joint venture project between the Government 
and private enterprise, is also a pioneer in other aspects: 
1. It is the first large-scale 'nucleus estate*. 
2. It is the first attempt to grow oil palm on a 
commercial basis. 
3. It is the first time that people of different 
ethnic backgrounds have been brought together 
on a settlement scheme. 
Since it is financed by the Government, by the Papua New Guinea 
Development Bank, and by an international agency, its success is 
important to the Government as a test of the feasibility of the 
strategy of land settlement schemes as a means of increasing agri-
cultural production of the country through the introduction of oil 
palm, utilising the unexploited land resources of the country and 
integrating people of different ethnic backgrounds into a single 
scheme. 
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These efforts can be further understood in terms of the models of 
economic development of Fisk, Helleiner and Shand which argued that in 
societies such as Papua New Guinea, Nigeria, etc. , a potential labour 
surplus is available within the economy. If adequate incentives are 
given, this labour can be coaxed to produce agricultural output for the 
market over and above subsistence needs. One of the interesting but 
unresolved questions in such studies is the extent of the concealed 
labour surplus. 
The present study was carried out with the two following 
objectives in mind: 
(i) To examine labour availability and labour allocation 
patterns of settlers, to examine their ability to 
cope with a production pattern oriented primarily 
for the market, and to test the various labour 
availability and utilisation assumptions made by the 
Project Planning Team, 
(ii) To relate the performance of settlers in terms of 
their output level to labour inputs in oil palm via 
the estimation of the settlers' production function 
and using it as a basis for analysing the technical 
efficiency of settlers in oil palm production. 
Given these objectives, the analysis was undertaken in two parts. 
First, data on daily labour inputs of a sample of the settlers 
in the scheme over the development and production phases were examined 
and their labour allocation amongst the various activities and 
members of the household were noted. Levels and patterns were then 
compared with the labour availability assumptions of the project. The 
labour inputs of settlers of three different ethnic groups and three 
different categories of households were also compared and statistical 
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tests were applied to determine the existence or not of variations . 
The data on daily labour inputs of the average settler in the 
various a c t i v i t i e s suggested that the average household 's family 
supplied more man hours of labour per day i n economic and non—economic 
a c t i v i t i e s on the block than originally assumed by the project . Hence 
they were able to complete the establishment of the oil palm holding 
allocated to them within a shorter period than was originally planned. 
Examination of da i ly labour inputs among household members on the 
block indicat es that the male was the most important contributor of 
labour to o i l palm. The female 's contribution in total economic 
act iv ity of the block was as much as that of the male but this was 
predominantly devoted to subsistence gardening. The female contri-
bution to the household was, however, more s igni f icant than the male. 
As such, the writer concluded that the project assumptions had 
underestimated the contribution of female labour in the total 
a c t i v i t i e s of the household. Contrary to the project assumption, the 
children were also found to make s ignif icant contributions to both oil 
palm and subsistence a c t i v i t i e s , particularly i n oil palm harvesting. 
As i n i t i a l l y assumed, the blocks were worked upon primarily by family 
labour. However, the contribution of outside assistance was found to 
be substantial especially for o i l palm. In the development phase, 
most of the assistance was devoted to land preparation and planting 
a c t i v i t i e s while in the production phase harvesting and maintenance of 
holdings absorbed most assistance . Assistance was both received by 
s e t t l e r s , through the mutual labour exchange system, and given by sample 
households to other sett lers . The latter amount i s , however, shown by 
the data to be lower than the amount received per household throughout 
the period of the survey. In terms of its distribution among 
a c t i v i t i e s , a pattern similar to that of "assistance received was noted. 
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If both assistance received and given are taken into account, the 
available labour per household exceeds the 1.5 units assumed for the 
project by an even wider margin. 
The project assumptions did not explicitly allow for variations 
in performance due to variations in daily labour inputs. Daily labour 
data for the three ethnic groups - Chimbu, Sepik and Tolai - and the 
three categories of family composition - single, married and married 
with children - indicate that variations in daily labour inputs in 
both subsistence and the oil palm activities exist between these groups. 
Statistical tests on the data confirmed the existence of significant 
variations, though these results need to be interpreted with caution 
especially in view of the smallness of the sample (n < 30). 
The findings on labour utilisation have several implications. 
First, the evident ability of the formerly non-cash cropping settlers 
to handle the cultivation of a new crop predominantly for the market 
primarily by using their family labour. It also indicates that the 
labour reserves concealed within the subsistence sector of the economy 
are sufficient in the circumstances of the oil palm scheme to enable 
agricultural producers to reach the third stage of having production 
predominantly for the market without having any significant recourse 
to other non-traditional inputs. It should be noted that there was at 
that time no other economic activity sufficiently attractive as to 
com.pete with oil palm and food crops in the allocation of settlers' 
time. The only other competitive activity which took up a substantial 
part of the household's time was leisure. 
The variations in daily labour inputs of the three ethnic groups 
and the three categories of households implied that settlers' work 
efforts differed according to these two characteristics. In relation 
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to the ethnic groups, one group, the Sepik, was seen to have applied 
significantly higher labour inputs in both subsistence activity and 
oil palm. Second, daily labour inputs in subsistence and in oil palm 
were also found to vary according to family size. However, one cannot 
really accept family size as a factor determining management level on 
this evidence alone. Production performance of the settler must be 
considered as well. 
It is important to note though, that first, even the smallest 
household size (single settler) was able to satisfy the key requirement 
laid do\m by the planning team, i.e., to achieve the planting targets. 
The argument can be further strengthened by the finding of the second 
part of the study in which a statistically insignificant negative 
correlationship was found between management factor and household 
composition and consequently between household composition and output. 
Second, analysis was done on a small sample and hence the results 
should be interpreted with caution. 
The second part of the study was the specification and estimation 
of a multi-period production function for settler oil palm in the Cape 
Hoskins Scheme. The analytical technique used was a covariance model. 
A cross-section, time series data matrix of 23 x 5 observations was 
used to estimate the production function with the assumption that the 
same functional form applies to all settler blocks. Amongst all the 
independent variables considered to affect oil palm production, the 
number and age distribution of the trees on the random sample of oil 
palm blocks were hypothesised to be the most important subset of 
variables. Two forms of the production function, linear and Cobb-
Doublas functions, were estimated and a comparison shows that the linear 
functional form gave a better fit and could explain a larger percentage 
of the variations in output. 
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The yield coefficients from the oil palm production function were 
then used as a basis for ex post predictions of output for a separate 
sample of holdings. When these predictions were compared with the 
predictions of the HF^ the statistically derived yield coefficients 
were found to give more accurate predictions of output than those 
derived by the method currently used in the project. 
To enable the measurement of technical efficiency of settlers and 
to avoid the problem of specification bias, dummy farm variables were 
used to estimate the management effect coefficients. Based on these 
coefficients, a normalised efficiency factor was derived for each of 
the settlers. 
Next, the contribution of the management factor in efficiency was 
estimated free of the influence of physical environment by regressing 
the derived efficiency factor on variables that were thought to be 
related to 'management'. In this study, these factors were hypothesised 
to be man days of labour input in land preparation and plantirg of oil 
palm, labour input in general maintenance of holdings in the development 
phase, household composition of the settler and lastly the ethnic 
grouping. Thus, the data and analysis of the first part of the study 
were used and the results of labour utilisation analysis linked to that 
of this part of the study. 
The results suggested that variations in maintenance labour and 
ethnic grouping of the settlers could explain some of the variations in 
technical efficiency of settlers. The significance of maintenance 
labour inputs in explaining variations in technical efficiency implied 
that variations in output were also explained by these inputs. 
1. The method for their prediction was not known. 
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In discussing the relationship of maintenance labour during the 
development phase to the management factor, two possibilities concerning 
the utilisation of labour could be posed: 
(i) that labour inputs were applied at the conscious will 
of settlers; and 
(ii) that labour inputs were applied in varying degrees 
of ignorance of what was required for proper maintenance. 
If the variation in labour inputs among settlers was due to the 
latter effect, there would be scope for an improvement in the 
standard of management through extension programs. If, on the other 
hand, the level of labour input of settlers is decided with full know-
ledge of recommended practices, it would no longer be a problem of 
extension but one of influencing work-leisure preferences and the 
extension program will not be the solution to the problem. Labour 
inputs are determined more by the short and long term level of moti-
vation of the settlers. The finding that technical efficiency varies 
significantly between the Chimbu, Sepik and Tolai settlers could be 
related to the labour input analysis where labour inputs in oil palm 
of settlers of the three ethnic groups were also found to be different 
from each other. 
In establishing the relationship between labour inputs in the 
production phase to output, it was hypothesised and tested that labour 
input in harvesting was a function of output and not otherwise. The 
high R^ value statistically confirmed the correlationship. However, 
the hypothesis did not separately distinguish labour input in hand 
pollination as a component of total labour inputs in the production 
phase. If such labour were regressed against output, the results would 
most likely have provided an explanation for a significant portion of 
the observed output variations. 
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In the same analysis, the work rates of children and outside labour 
were found to be highest in the harvesting activity. These two labour 
categories clearly assisted the household greatly in coping with the 
heavy labour demand of the oil palm in the production phase. 
The findings of this study, however, should not be accepted as 
conclusive or a firm basis for generalisation to the whole scheme in 
view of a number of data limitations and shortcomings of the techniques 
of analysis. One serious limintation was the smallness of the sample. 
This might have affected the validity of the F statistics as tests for 
differences in population mean. Second, OLS regression technique was 
used with the basic assumption that the error variance is constant 
over the range of the observations. With combined time series and cross-
section data, however, this assumption is open to question. This is 
particularly so in a survey where the measurement of the independent 
variables cannot be assumed to be totally free from error. 
Despite the limitations, however, the analysis is suggestive of 
the direction of further research. The findings on labour allocation 
of settlers suggest that despite the high hours of work put in the 
holdings, settlers have more surplus labour potential than was originally 
assumed by the project. They may provide useful data for quantifying the 
theoretical explanatory models of Stent and Webb and of Chandra, who are 
concerned with the determination of the 'bliss' point on the subjective 
equilibrium point of such cash crop producers. Further studies in 
establishing the work/leisure preferences of the settlers would be 
particularly important if variations in maintenance labour input and 
consequently in management standards of settlers occurred with full 
knowledge of the labour requirement for good maintenance of oil palm 
on the part of the settlers. 
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The results of the production function analysis confirmed that a 
significant positive relationship exists between labour inputs in 
maintenance in the development phase and the technical efficiency of 
settlers in the production phase. Based on this relationship, it can 
thus be concluded that output is also affected by the labour inputs in 
maintenance during the development phase. Evidence of this relation-
ship was, however, insufficient. Hence more research should be 
directed to the establishment of the linkages between labour and 
output. 
Recently it was discovered that hand pollination of the palms was 
a necessary operation in the production phase if high fruit yields were 
to be achieved. Labour input in this activity is postulated to be 
highly correlated with output and empirical testing of this relation-
ship would clearly be valuable. 
It is also suggested that more effort should be made to identify 
other categories of field operations in which the levels of labour 
inputs applied affect per tree productivity. 
The study also indicates that inter-settler output variation is 
explained by differences in management levels. Management levels, in 
turn, were shown to be partly determined by levels of maintenance 
labour inputs among settlers. As stated earlier, these differences in 
management may not necessarily be amenable to extension if settlers 
had varied their labour inputs consciously according to personal 
preferences and with sufficient knowledge of the labour requirement 
for proper maintenance. Such differences may only be explained by 
work/leisure preference differences. 
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If, however, variations in management levels are proved to be due 
to ignorance of settlers of the proper maintenance standard and labour 
requirements of the oil palm crop, then extension programs could be 
explicitly designed to take account of variations in the management 
capacity of settlers as a means of narrowing the range of management 
performance and thus of resource productivity among settlers. 
Thus, further studies should be directed at establishing the 
reasons for differences in labour inputs applied by settlers in oil 
palm and also in identifying other components of management. 
Finally, it should be recalled that actual yields achieved by 
the settlers of Kapore in particular, and those of the Cape Hoskins 
scheme in general, are very much higher than predicted by the scheme 
organisers. This seems to contradict the implication of the internal 
'bliss' point model assumed to apply in predominantly subsistence 
economies such as Papua New Guinea, that low hours of work and 
relatively low yields were to be expected of farmers when their 
labour/leisure activities lie outside the production possibility 
frontier. The low predicted yield and, on the other hand, the much 
higher realised yield, posed two possible questions: 
1. Did the HF have a model similar to the 'bliss' 
point model when predicting output of the scheme? 
2. Are the proponents of the models wrong with the 
'bliss' point outside the production possibility 
frontier (implying low hours of work and low yields) 
as conventional theory would have a layman believe? 
The findings of this study on labour/leisure allocation among 
activities, actual and predicted oil palm yields in Kapore, however, 
could lead one to suggest that the 'bliss' point model is not valid in 
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situations where farmers are plunged into the 'third stage' of 
economic transition and operating on a fully commercial basis. Such 
a suggestion may be based on three main grounds: 
1. Yields are higher than anticipated and even comparable 
to those of other countries (Nigeria and Malaysia) 
where conventional theory is thought to apply. 
2. The hours worked by the settlers and their families 
are high by any count, especially in a hot, humid 
situation where one would have expected a higher 
leisure preference. 
3. A lot of outside labour was noted to have been used. 
This could have meant that either the settlers were 
really exchanging labour or perhaps hiring labour 
and acting in a perfectly rational fashion. 
The above suggestion, however, could not be conclusively proved 
without further studies especially on the work/leisure preference of 
the settlers. However, it is hoped that the findings of this study 
would lead to further studies in work/leisure preferences in particular, 
and theory and application of economic transition in general, besides 
being of some relevance to economic planners in their attempts to 
implement policies of shifting the subsistence farmers into a fully 
commercial farming enterprise. 
On the whole, this study was able to provide information on the 
labour availability and labour allocation pattern of the average 
settler within the settlement scheme concerned. It also indicated the 
ability of the Papua New Guinean farmers to successfully cope with the 
cultivation of a new tree crop for the market on a large, well 
organised land scheme by utilising only their family labour and some 
19 A 
outside assistance obtained through a system of mutual exchange of 
labour. The study also revealed that inter-settler variation in 
performance in terms of output achieved could be partly explained 
by variation in technical efficiency which, in turn, was proved to be 
highly positively correlated with inter-settler differences in labour 
inputs in maintenance of the oil palms during the development phase. 
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APPENDIX III 
FIELD RECORDS DURING VISIT 
Categories, lettering and numbering in the following field records 
made during the visit are as follows: 
BLOCKS are divided into first planting (A), second planting (B), and 
for the village settlements, a third planting (C). 
GROUND COVER, access, frond pruning and pollination level scorings are: 
1 = poor 
1-2 = sub-standard 
2 =average standard, but room 
2-3 = above average 
3 = high standard 
and diseases symbols are: 
B = beetle attack ) 
R = rat damage , 
W = bagworm ) 
1 = 
s = spear attack , 2 = 
SR = spear rot ) 
\ 
3 = 
WT = wither tip disease , 
CD = crown disease ) 
RATINGS for nutrient deficiency, white stripe and bunch failure are: 
0 = absent 
0-1 = very slight 
1 = slight 
1-2 = slight to moderate 
2 = moderate 
(higher categories were not required) 
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GRADINGS used by BASF officers and HFAS are as follows (wider gradings 
were adjusted to these): 
^ good ) ^ overall grading for maintenance, 
B = average ^ access, frond pruning (not 
^ , T V pollination) C = below average ) ^ 
YIELD for 1973/74 is for periods 1-10 only (1-9 for village settlements). 
These are totals for small holdings. 
HFAS assessments for maintenance (ground cover, access and frond pruning) 
were based numerically as follows: 
Mature blocks Immature blocks Grade 
7 1/2-9 5-6* 7 1/2-9** A 
5 1/2-7 3-4 1/2 5 1/2-7 B 
3 1/2-5 1-2 1/2 3 1/2-5 C 
* based on two criteria 
** based on three criteria 
RATINGS GIVEN TO 7 SETTLERS IN SAMPLE 
Block No. 259 310 344 351 374 389 390 
Criterion A B A B A B A B A B A B A B 
Ground cover 3 -2 2 3 3 1-2 2-3 2 2 1-2 3 3 3 2 
Access 3 2 3 3 3 1 3 2 2 1-2 3 2-3 3 2 
Frond pruning 2 2 1 2-3 2 2 2-3 2 1 2 2 2 3 2-3 
Pollination 2 1-2 3 2 2 1-2 2-3 2 1 1 2-•3 2 3 2 
Pests RI ELBI 0 BRI 0 BI BI 0 RBI BI 0 BI BI 0 
Diseases 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nitrogen 1 1-2 1 1 1 1 1 2 1 1 1 1 0 1-2 
Potassium 0 0 0 0 1 1 1 1 1 1 1 1 1 1-2 
Magnesium 1 1 1 1 1 0 0 1 1 0 1 0 1 1 
Boron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
White Strip 1 1 1 1 1 1 1 1 1 1 1 0 1 1 
Branch failure 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 
DASF grade c B B B c B B 
HFAS grade A B B A A C A B c c A B A B 
B B B B c A A 
Source: Advisory and Agronomic Report No.2- 1974, West Nakanair Oil Palm Scheme. 
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COMPARISON OF M E M LABOUR INPUT OF SEPIK SETTLERS AND CHIMBU SETTLERS IN SUBSISTENCE ACTIVITY 
N . 
1 
X. 
1 
Observed 
F-value 
Significance 
level 
Observed 
t-value 
Significance 
level 
Sepik 5.903 24.177 
6.86 95% 1.359 80% 
Chimb u 3.40 3.523 
Observed ^ S ^ ^ 2'4.177 
F-value 's^^ .3.523 
= 6.86 
Observed 
t-value 
5.903 - 3.40 
^24.177 3.523 
= 1.359 
From table n, = 9 ; n„ = 5; F ^^ = 4.78 1 .95 t 2 d . f . 12 = 1.356 
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COMPARISON OF l^ IEAN LABOUR INPUT OF SEPIK SETTLERS AND TOLAI SETTLERS IN SUBSISTENCE ACTIVITY 
N. 1 X. s/ 1 
Observed 
F-value 
Significance 
level 
Observed 
t-value 
Significance 
level 
Sepik 9 5.903 24.176 
4.215 90% 1.164 90% 
Tolai 3.624 5.736 
Observed 
F-value 
24.176 
5.736 = 4.215 
Observed 
t-value 
^2 
' S 7 - T T 7 
5.903 - 3.624 
'24. 177 ^  5.136 
= 1:164 
From table n^ = 9; n^ = 5; F ^^ = 3.35 t d.f. 11 = 1.088 
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